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(57) Abstract 

Disclosed arc 23 genes, termed ^^EP" genes, found in streptococcus pneumonia, which arc located wittiin operons that arc esscnt 
for survival Also disclosed is a related essential gene found in Bacillus subtilis. These genes and the polypeptides that they encode, 
well as homologs thereof, can be used to identiiy antibacterial agents for treating bacterial infections such as streptococcal pneumonia. 
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ESSENTIAL BACTERIAL GENES AND THEIR USE 

Background of the Invention 
The invention relates to essential bacterial genes and their use in idratifying 
antibacterial agents. 
S Bacterial infections may be cutaneous, subcutaneous, or systemic. 

Opportunistic bacterial infections proliferate, especially in patients afQicted with 
AIDS or other diseases that compromise the immune system. The bacterium 
Streptococcus pneumonia typically infects the respiratory tract and can cause lobar 
pneumonia, as well as meningitis, sinusitis, and other infections. 

10 Summary of the Invention 

The invention is based on the discovery of 23 genes in the bacterium 
Streptococcus pneumoniae^ and a related gene in the bacterium Bacillus stdytiliSy 
that are located within operons that are essential for survival. These 23 
Streptococcus genes are referred to herein as "GEP genes" (which stands for 
15 general essential protein); for convenience, the polypeptides encoded by these genes 
are referred to herein as "GEP polypeptides." Each GEP gene is located within an 
operon that contains a gene that is essential for survival of Streptococcus 
pneumoniae; the essential gene can be the GEP gene or another gene located within 
the same operon. Bacterial operons contain several genes that are related, e.g., 
20 with respect to function or biochemical pathway. Transcription of an operon leads 
to the production of a smgle transcript in which multiple coding regions are linked. 
Thus, an operon containing one or more essential genes can be considered an 
"essential operon," since disruption of expression of one gene located within the 
operon will interfere with expression of the other genes in the operon. Each coding 
25 region of the transcript is separately translated into an individual polypeptide by 
ribosomes that initiate translation at multiple points along the transcript. Having 
identified one gene in the operon, one can readily identify and sequence the other 
genes located within the operon. 
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The genes encoding the GEP polypeptides are useful molecular tools for 
identifying similar genes in pathogenic microorganisms, such as pathogenic strains 
of Bacillus. In addition* the operons containing genes encoding GEP polypeptides, 
and the polypeptides encoded by such operons, are useful targets for identifying 
5 compounds that are inhibitors of the pathogens in which the GEP polypeptides are 
expressed. Such inhibitors inhibit bacterial growth by being bacteriostatic (e,g., 
inhibiting reproduction or cell division) or by being bacteriocidal (i.e., by causing 
cell death). 

The invention, therefore, features an isolated polypeptide encoded by a 
10 nucleic acid located within an operon encoding a GEP polypeptide, termed gepl03, 
having the amino acid sequence set forth in SEQ ID NO:U or conservative 
variations thereof. An isolated operon comprising a nucleic acid encoding gepl03 
also is included within the invention. In addition, the invention includes an 
isolated nucleic acid of (a) an operon comprising the sequence of SEQ ID NO:2, as 
15 depicted in Fig. 1, or degenerate variants thereof; (b) an operon comprising the 
sequence of SEQ ID N0:2, or degenerate variants thereof, wherein T is replaced by 
U; (c) nucleic acids complementary to (a) and (b); and (d) fragments of (a), (b), 
and (c) that are at least 15 base pairs in length and that hybridize under stringent 
conditions to genomic DNA encoding the polypq)tide of SEQ ID N0:1. As 
20 described above for gepl03, other nucleic acids and polypeptides mcoded by 
nucleic acids located within operons encoding GEP polypeptides are included 
within the invention, including: (a) operons comprising the nucleic acids 
represented by the SEQ ID NOs. listed below, as depicted in the Figures listed 
below, or degenerate variants thereof; (b) operons comprising the nucleic acids 
25 represented by the SEQ ID NOs. listed below, wherein T is replaced by U; 

(c) nucleic acids complementary to (a) and (b); and (d) fragments of (a), (b), and 
(c) that are at least 15 base pairs in length and that hybridize under stringent 
conditions to genomic DNA encoding the polypeptides represented by the SEQ ID 
NOs. listed below. 
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Table 1 : GEP nucleic acids and polypeptides 
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The invention also includes allelic variants (i.e., genes encoding isozymes) 
of the genes located within cperons encoding the GEP polypeptides listed above. 
5 For example, the invention includes a gene that encodes a GEP polypeptide but 
which gene includes one or more point mutations, deletions, promotor variants, or 
splice site variants, provided that the resulting GEP polypeptide functions as a GEP 
polypeptide (e.g., as determined in a conventional complementation assay). 
Identification of these GEP genes and the detennination that th^ are 
10 located within operons containing an essential gene allows homologs of the GEP 
genes to be found in other organisms strains of Streptococcus. Also, orthologs of 
these genes can be identified in other ^ecies (e.g.. Bacillus sp,). While 
"homologs" are structurally similar genes contained within a species, "orthologs" 
are functionally equivalent genes from other species (within or outside of a given 
15 genus, e.g., from Bacillus subtilis or £. coli). Such homologs and orthologs are 
expected to be located within operons that are essential for survival. Such 
homologous and orthologous genes and polypeptides can be used to identify 
compounds that inhibit the growth of the host organism (e.g., compounds that are 
bacteriocidal or bacteriostatic against pathogenic strains of the organism). 
20 Homologous and orthologous genes and polypeptides that are essential for survival 
can save as targets for identifying a broad spectrum of antibacterial agents. 

An ortholog of gepl493, tenned B-yneS, has been identified in B, subtilis 
and is essential for survival of B. subtilis. The amino acid sequence (SEQ ID NO: 
70), coding sequence (SEQ ID N0:71), and non-coding sequence (SEQ ID NO:72) 
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of B-yneS is set forth in Fig. 24. As with the other polypeptides and genes 
disclosed herein, the B-yneS polypeptide and gene can be used in the methods 
described herein to identiiy antibacterial agents. 

The term gepl03 polypeptide or gene as used herein is intended to include 

5 the polypeptide and gene set forth in Fig. 1 herein, as well as homologs of the 
sequences set forth in Fig. 1. Also encompassed by the term gepl03 gene are 
degenerate variants of the nucleic acid sequence set forth in Fig. 1 (SEQ ID N0:2). 
Degenerate variants of a nucleic acid sequence exist because of the degeneracy of 
the amino acid code; thus, those sequences that vary from the sequence represented 

10 by SEQ ID N0:2, but which nonetheless encode a gepl03 polypeptide are included 
within the invention. Likewise, because of the similarity in the structures of amino 
acids, conservative variations (as described herein) can be made in the amino acid 
sequrace of the gepl03 polypeptide while retaining the function of the polypeptide 
(e.g., as determined in a conventional complementation assay). Other gepl03 

15 poIypq)tides and genes identified in additional Streptococcus strains may be such 
conservative variations or degenerate variants of the particular gq)103 polypeptide 
and nucleic acid set forth in Fig. 1 (SEQ ID NOs:l and 2, respectively). The 
gepl03 polypeptide and grae share at least 80%, e.g., 90%, sequence identity with 
SEQ ID NOs:l and 2, respectively. Regardless of the percent sequence identity 

20 between the gepl03 sequence and the sequence represented by SEQ ID NOs:l and 
2, the gepl03 genes and polypeptides encompassed by the invention are able to 
complement for the lack of gepl03 function (e.g., in a temperature-sensitive 
mutant) in a standard complementation assay. Additional gepl03 genes that are 
identified and cloned 6rom additional Streptococcus strains, and pathogenic strains 

25 in particular, can be used to produce gepl03 polypeptides for use in the various 
methods described herein, e.g., for identifying antibacterial agents. Likewise, the 

. . terms geplll9, gepll22, gepl315, gepl493, gepl507, geplSll, geplSlB, gepl546, 
gepl551, gepl561. gepl580, gepl713, gep222, gep2283, gep273, gep286, gep311, 
gep3262, gep3387, gep47, gq)61, and gep76 encompass homologs, conservative 
30 variations, and degenerate variants of the sequences depicted in Figs. 2-23, 



wo 99/33871 



PCTAJS98/27918 



-6- 

respectively. Such homologs, conservative variations, and degenerate variants also 
are included within the invention. 

Since the various GEP genes described herein have been identified and 
shown to be located within operons that are essential for survival, the GEP genes 
5 and polypeptides encoded by nucleic acid sequences located within operons 
containing GEP genes and their homologs and orthologs can be used to identify 
antibacterial agents. More specifically, the polypeptides encoded by nucleic acid 
sequences located within operons containing GEP genes can be used, separately or 
together, in assays to identify test compounds that bind to these polypeptides. Such 
10 test compounds are expected to be antibacterial agents, in contrast to compGunds 
that do not bind to these GEP polypeptides. As described herein, any of a variety 
of art-known methods can be used to assay for binding of test compounds to the 
polypeptides. The invention includes, for example, a method for identifying an 
antibacterial agent where the method entails: (a) contacting a polypeptide encoded 
IS by a nucleic acid sequence located within an operon containing a GEP gene, or 
homolog or ortholog thereof, with a test compound; (b) detecting binding of the 
test compound to the polypeptide or homolog or ortholog; and (c) determining 
whether a test compound that binds to the polypeptide or homolog or ortholog 
inhibits growth of bacteria, relative to growth of bacteria cultured in the absence of 
20 the test compound that binds to the polypeptide or homolog or ortholog, as an 
indication that the test compound is an antibacterial agent 

In various embodiments, the GEP polypeptide is derived from a non- 
pathogenic or pathogenic Streptococcus strain, such as Streptococcus pneumoniae. 
Streptococcus pyogenes. Streptococcus agalactiae. Streptococcus endocarditis, 
25 Streptococcus faecium. Streptococcus sangus. Streptococcus viridans, and 

Streptococcus hemolyticus. Suitable orthologs of the Streptococcus GEP genes can 
be derived from the bacterium Bacillus subtilis. The test compound can be 
immobilized on a substrate, and binding of the test compound to the polypeptide or 
homolog or ortholog can be detected as inunobilization of the polypeptide or 
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homolog or ortholog on the immobilized test compound, e.g., in an immunoassay 
with an antibody that ^ecifically binds to the polypeptide. 

If desired, the test compound can be a test polypeptide (e.g., a polypeptide 
having a random or predetermined amino acid sequence; or a naturally-occurring or 

5 synthetic polypeptide). Alternatively, the test compound can be a nucleic acid, 
such as a DNA or RNA molecule. In addition, small organic molecules can be 
tested. The test compound can be a naturally-occurring compound or it can be 
synthetically produced, if desired. Synthetic libraries, chemical libraries, and the 
like can be screened to identify compounds that bind to the polypeptides. More 

10 generally, binding of test compounds to the polypeptide or homolog or ortholog 
can be detected either in vitro or in vivo. Regardless of the source of the test 
compound, the polypeptides described herein can be used to identify compounds 
that are bacterioidal or bacteriostatic to a variety of pathogenic or non-pathogenic 
strains. 

15 In an exemplary method, binding of a test compound to a polypeptide 

encoded by a nucleic acid located within an operon containing a GEP gene can be 
detected in a conventional two-hybrid system for detecting protein/protein 
interactions (e.g., in yeast or mammalian cells). Generally, in such a method, 
(a) the polypq>tide encoded by a nucleic acid located within an operon containing a 

20 GEP gene is provided as a fusion protein that includes the polypqptide fused to (i) 
a transcription activation domain of a transcription factor or (ii) a DNA-binding 
domain of a transcription factor; (b) the test polypeptide is provided as a fusion 
protein that includes the test polypeptide fused to (i) a transcription activation 
domain of a transcription factor or (ii) a DNA-binding domain of a transcription 

25 factor; and (c) binding of the test polypeptide to the polypeptide is detected as 
reconstitution of a transcription factor. Homologs and orthologs of the GEP 
polypeptides can be used in similar methods. Reconstitution of the transcription 
factor can be detected, for exanq)le, by detecting transcription of a gene that is 
operably linked to a DNA sequence bound by the DNA-binding domain of the 
30 reconstituted transcription factor {See, for example. White, 1996, Proc. Natl. Acad. 
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Sci. 93:10001-10003 and references cited therein and Vidal et al., 1996, Proc. Natl. 
Acad. Sci. 93:10315-10320). 

In an alternative method, an isolated operon containing a nucleic acid 
molecule encoding a GEP polypeptide is used to identify a compound that 
5 decreases the expression of a GEP polypeptide in vivo. Such compounds can be 
used as antibacterial agents. To discover such compounds, cells that express a GEP 
polypeptide are cultured, exposed to a test compound (or a mixture of test 
compounds), and the level of expression or activity is compared with the level of 
GEP polypeptide expression or activity in cells that are otherwise identical but that 
10 have not been exposed to the test cGmpGund(s). Many standard quantitative assays 
of gene expression can be utilized in this aspect of the invention. 

To identify compounds that modulate expression of a GEP polypeptide (or 
homologous or orthologous sequence), the test compound(s) can be added at 
varying concentrations to the culture medium of cells that express a GEP 
15 polypeptide (or homolog or ortfaolog), as described herein. Such test compounds 
can include small molecules (typically, non-protein, non-polysaccharide chemical 
entities), polypeptides, and nucleic acids. The expression of the GEP polypeptide 
is then measured, for example, by Northern blot PGR analysis or RNAse protection 
analyses using a nucleic acid molecule of the invention as a probe. The level of 
20 expression in the presence of the test molecule, compared with the level of 

expression in its absence, will indicate whether or not the test molecule alters the 
expression of the GEP polypeptide. Because the GEP polypeptides are expressed 
from operons that are essential for survival, test compounds that inhibit the 
expression and/or fimction of the GEP polypeptide will inhibit growth of the cells 
25 or kill the cells. 

Compounds that modulate the expression of the polypeptides of the 
invention can be identified by carrying out the assays described herein and then 
measuring the levels of the GEP polypeptides expressed in the cells, e.g., by 
performing a Western blot analysis using antibodies that bind to a GEP 
30 polypeptide. 
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The invention further features methods of identifying from a large group of 
mutants those strains that have conditional lethal mutations. In general, the gene 
and corresponding gene product are subsequently identified, although the strains 
themselves can be used in screening or diagnostic assays. The mechanism(s) of 
5 action for the identified genes and gene products provide a rational basis for the 
design of antibacterial therapeutic agents. These antibacterial agents reduce the 
action of the gene product in a wild type strain, and therefore are useful in treating 
a subject with that type, or a similarly susceptible type of infection by 
administering the agent to the subject in a pharmaceutically effective amount. 
10 Reduction in the aciion of tlie gene product includes competitive inhibition of the 
gene product for the active site of an enzyme or receptor; non-competitive 
inhibition; disrupting an intracellular cascade path which requires the gene product; 
binding to the gene product itself, before or after post-translational processing; and 
acting as a gene product mimetic, thereby down-regulating the activity. 
15 Therapeutic agents include monoclonal antibodies raised against the gene product 
Furthermore, the presence of the gene sequence in certain cells (e.g., a 
pathogenic bacterium of the same genus or similar species), and the absence or 
divergence of the sequence ui host cells can be determined, if desired. Therapeutic 
agents directed toward genes or gene products that are not present in the host have 
20 several advantages, including fewer side effects, and lower overall dosage. 

The invention includes pharmaceutical formulations that include a 
pharmaceutically acceptable excipient and an antibacterial agent idoitified using the 
methods described herein. In particular, the invention includes pharmaceutical 
formulations that contain antibacterial agents that inhibit the growth of, or kill, 
25 pathogenic Streptococcus strains. Such pharmaceutical formulations can be used 
for treating a Streptococcus infection in an organism. Such a method entails 
administering to the organism a therapeutically effective amount of the 
pharmaceutical formulation. In particular, such pharmaceutical formulations can be 
used to treat streptococcal pneumonia in mammals such as humans and 
30 domesticated mammals (e.g., cows, pigs, dogs, and cats), and in plants. The 



wo 99/33871 



PCT/US98/27918 



- 10- 

efficacy of such antibacterial agents in humans can be estimated in an animal 
model system well known to those of skill in the art (e.g., mouse and rabbit model 
systems). 

Also included within the invention are polyclonal and monoclonal antibodies 
5 that specifically bind to the various GEP polypeptides described herein (e.g., 
gepl03). Such antibodies can faciUtate detection of GEP polypeptides m various 
Streptococcus strains. These antibodies also are useful for detecting binding of a 
test compoimd to GEP polypeptides (e.g., using the assays described herein). In 
addition, monoclonal antibodies that bind to GEP polypeptides are themselves 
10 adequate antibacterial agents v/hen administered to a mammal, as such mGnGGlona! 
antibodies are expected to impede one or more functions of GEP polypeptides. 

As used herein, "nucleic acids" encompass both RNA and DNA, including 
genomic DNA and synthetic (e.g., chemically synthesized) DNA. The nucleic acid 
can be double-stranded or single-stranded. Where single-stranded, the nucleic acid 
IS may be a sense strand or an antisense strand. The nucleic acid may be synthesized 
using oligonucleotide analogs or derivatives (e.g., inosine or phosphorothioate 
nucleotides). Such oligonucleotides can be used, for example, to prepare nucleic 
acids that have altered base-pairing abilities or increased resistance to nucleases. 
An "isolated nucleic acid" is a DNA or RNA that is not immediately 
20 contiguous with both of the coding sequences with which it is immediately 
contiguoiis (one on the 5* end and one on the 3' end) in the naturally occurring 
genome of the organism fit>m which it is derived. Thus, in one embodiment, an 
isolated nucleic acid includes some or all of the 5' non-coding (e.g., promoter) 
sequences that are immediately contiguous to the coding sequence. The term 
25 therefore includes, for example, a recombinant DNA that is incorporated into a 
vector, into an autonomously repUcating plasmid or virus, or into the genomic 
DNA of a prokaryote or eukaryote, or which exists as a separate molecule (e.g., a 
graomic DNA fragment produced by PGR or restriction endonuclease treatment) 
independent of other sequoices. It also includes a recombinant DNA that is part of 
30 a hybrid gene encoding an additional polypeptide sequence. The term "isolated" 
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can refer to a nucleic acid or polypeptide that is substantially iree of cellular 
material, viral material, or culture medium (when produced by recombinant DNA 
techniques), or chemical precursors or other chemicals (when chemically 
synthesized). Moreover, an "isolated nucleic acid fragment" is a nucleic acid 
5 fragment that is not naturally occurring as a fragment and would not be found in 
the natural state. As used herein, the term "isolated nucleic acid molecule" includes 
an operon containing a contiguous cluster of linked sequences. "Isolated operons" 
are those operons that are not naturally occurring and which are not associated with 
the sequences by which they are normally surroimded in a bacterial genome. 
10 A nucleic aeid sequence that is "substantially identical" to a GEP nucleotide 

sequence is at least 80% (e.g., 85%) identical to the nucleotide sequence of the 
nucleic acid sequences represented by the SEQ ID NOs listed in Table 1, as 
depicted in Figs. 1-23, For purposes of comparison of nucleic acids, the length of 
the reference nucleic acid sequence will generally be at least 40 nucleotides, e.g., at 
IS least 60 nucleotides or more nucleotides. Sequence identity can be measured using 
sequence analysis software (e.g.. Sequence Analysis Software Package of the 
Genetics Computer Group, University of Wisconsin Biotechnology Center, 1710 
University Avenue, Madison, WI 53705). 

The GEP polypeptides useful in practicing the invention include, but are not 
20 limited to, recombinant polypeptides and natural polypeptides. Also useftil in the 
invention are nucleic acid sequences that encode forms of GEP polypeptides in 
which naturally occurring amino acid sequences are altered or deleted. Preferred 
nucleic acids encode polypeptides that are soluble under normal physiological 
conditions. Also within the invention are nucleic acids encoding fusion proteins in 
25 which a portion of a GEP polypeptide is ftised to an unrelated polypeptide (e.g., a 
mailcer polypeptide or a fusion partner) to create a fusion protein. For example, 
the polypeptide can be fused to a hexa-histidine tag to facilitate purification of 
bacterially expressed polypeptides, or to a hemagglutinin tag to facilitate 
purification of polypeptides expressed in eukaryotic cells. The invention also 
30 includes, for example, isolated polypeptides (and the nucleic acids that encode these 
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polypeptides) that include a first portion and a second portion; the first portion 
includes, e.g., a GEP polypeptide, and the second portion includes an 
immunoglobulin constant (Fc) region or a detectable marker. 

The fusion partner can be, for example, a polypeptide which facilitates 
5 secretion, e.g., a secretory sequence. Such a fused polypeptide is typically referred 
to as a preprotein. The secretory sequence can be cleaved by the host cell to form 
the mature protein. Also within the invention are nucleic acids that encode a GEP 
polypeptide fused to a polypeptide sequence to produce an inactive preprotein. 
Preproteins can be converted into the active form of the protein by removal of the 
iO inactivating sequence. 

The invention also includes nucleic acids that hybridize, e.g., under stringent 
hybridization conditions (as defined herein) to all or a portion of the nucleotide 
sequences represented by the SEQ ID NOs. listed in Table 1, or their complements. 
The hybridizing portion of the hybridizing nucleic acids is typically at least 15 
15 (e.g., 20, 30, or 50) nucleotides in length. The hybridizing portion of the 
hybridizing nucleic acid is at least 80%, e.g., at least 95%, or at least 98%, 
identical to the sequence of a portion or all of a nucleic acid encoding a GEP 
polypeptide or its complement Hybridizing nucleic acids of the type described 
herein can be used as a cloning probe, a primer (e.g., a PGR primer), or a 
20 diagnostic probe. Nucleic acids that hybridize to the nucleotide sequences 
represented by the SEQ ID NOs. listed in Table 1 are considered "antisense 
oligonucleotides." Also included within the invention are ribozymes that inhibit the 
function of operons containing the GEP genes of the invention, as determined, for 
example, in a complementation assay. 
25 Also useful in the invention are various cells, e.g., transformed host cells, 

that contain a GEP nucleic acid described herein. A "transformed cell" is a cell 
into which (or into an ancestor of which) has been introduced, by means of 
recombinant DNA techniques, a nucleic acid encoding a GEP polypeptide. Both 
prokaryotic and eukaiyotic cells are included, e.g., bacteria. Streptococcus^ Bacillus^ 
30 and the like. 
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Also useful in the invention are genetic constructs (e.g.» vectors and 
plasmids) that include a nucleic acid of the invention which is operably linked to a 
transcription and/or translation sequence to enable expression, e.g., expression 
vectors. By "operably linked" is meant that a selected nucleic acid, e.g., a DNA 
5 molecule encoding a GEP polypeptide, is positioned adjacent to one or more 
sequence elements, e.g., a promoter, which directs transcription and/or translation 
of the sequence such that the sequence elements can control transcription and/or 
translation of the selected nucleic acid. 

The invention also features purified or isolated polypeptides encoded by 
le nucleic acids located within operons containing GEP genes, as listed in Table 1. 
As used herein, both "protein" and "polypeptide" mean any chain of amino acids, 
regardless of length or post-translational modification (e.g., glycosylation or 
phoq)horylation). Thus, the terms gepl03 polypeptide, geplll9 polypeptide, 
gepll22 polypeptide, geplSlS polypeptide, gepl493 polypeptide, gepl507 
15 polypeptide, geplSll polypeptide, gepl518 polypeptide, gepl546 polypeptide, 
gepl551 polypeptide, gepl561 polypeptide, gepl580 polypeptide, gepl713 
polypeptide, gep222 polypeptide, gep2283 polypeptide, gep273 polypeptide, gep286 
polypeptide, gep311 polypeptide, gep3262 polypqptide, gep3387 polypeptide, gep47 
polypeptide, gep61 polypeptide, and gep76 polypeptide include full-length, 
20 naturally occurring gepl03, geplll9, gepll22, gepl315, gepl493, gepl507, 
geplSll, gepl518, gepl546, gepl551, gepl561, gepl580, gepl713, gep222, 
gep2283, gep273, gep286, gep311, gep3262, gep3387, gep47, gep61, and gep76 
proteins, respectively, as well as recombinantly or synthetically produced 
polypeptides that correspond to the full-length, naturally occurring proteins, or to a 
25 portion of the naturally occurring or synthetic polypeptide, 

A "purified" or "isolated" compound is a composition that is at least 60% by 
weight the compound of interest, e.g., a GEP polypeptide or antibody. Preferably 
the preparation is at least 75% (e.g., at least 90% or 99%) by weight the compound 
of interest. Purity can be measured by any appropriate standard method, e.g., 
30 column chromatogrs^hy, polyacrylamide gel electrophoresis, or HPLC analysis. 
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Preferred GEP poIypq)tides include a sequence substantially identical to all 
or a portion of a naturally occurring GEP polypeptide, e.g., including all or a 
portion of the sequences shown in Figs. 1-23. Polypeptides "substantially identical" 
to the GEP polypeptide sequences described herein have an amino acid sequrace 
5 that is at least 80% (e.g., 85%, 90%, 95%, or 99%) identical to the amino acid 
sequence of the GEP polypeptides represented by the SEQ ID NOs. listed in Table 
1. For purposes of comparison, the length of the reference GEP polypeptide 
sequence will generally be at least 16 amino acids, e.g., at least 20 or 25 amino 
acids. 

10 In the case of polypeptide sequences that are less than 10G% identical to a 

reference sequence, the non-identical positions are preferably, but not necessarily, 
conservative substitutions for the reference sequence. Conservative substitutions 
typically include substitutions within the following groups: glycine and alanine; 
valine, isoleucine, and leucine; aspartic acid and glutamic acid; asparagine and 

15 glutamine; serine and threonine; lysine and arginine; and phenylalanine and 
tyrosine. 

Where a particular polypeptide is said to have a specific percent identity to 
a reference polypeptide of a defined Imgth, the percent identity is relative to the 
reference polypeptide. Thus, a polypeptide that is 50% identical to a reference 

20 polypeptide that is 100 amino acids long can be a SO amino acid polypeptide that is 
completely identical to a 50 amino acid long portion of the reference polypeptide. 
It also might be a 100 amino acid long polypeptide which is 50% identical to the 
reference polypeptide over its entire length. Of course, other polypeptides also will 
meet the same criteria. 

25 The invention also features purified or isolated antibodies that specifically 

bind to a GEP polypeptide. By "specifically binds" is meant that an antibody 
recognizes and binds to a particular antigen, e.g., a GEP polypeptide, but does not 
substantially recognize and bind to other molecules in a sample, e.g., a biological 
sample that naturally includes a GEP polypeptide. 
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In another aspect, the invention features a method for detecting a GEP 
polypeptide in a sample. This method includes: obtaining a sample suspected of 
containing a GEP polypeptide; contacting the sample with an antibody that 
specifically binds to a GEP polypeptide under conditions that allow the formation 
5 of complexes of an antibody and the GEP polypeptide; and detecting the 

complexes, if any, as an indication of the presence of a GEP polypeptide in the 
sample. 

Also encompassed by the invention is a method of obtaining a gene related 
to (i.e., a functional homolog or ortholog of) a GEP gene. Such a method entails 

10 obtaining a labeled probe that includes an isolated nucleic acid which encodes ail 
or a portion of a GEP nucleic acid, or a homolog or ortholog thereof; screening a 
nucleic acid fragment library with the labeled probe under conditions that allow 
hybridization of the probe to nucleic acid fragments in the library, thereby forming 
nucleic acid duplexes; isolating labeled duplexes, if any; and preparing a full-length 

IS gene sequence Scorn the nucleic acid fragments in any labeled duplex to obtain a 
gene related to the GEP gene. 

The invention offers several advantages. For example, the methods for 
identifying antibacterial agents can be configured for high throughput screening of 
numerous candidate antibacterial agents. 

20 Unless otherwise defined, all technical and scientific terms used herein have 

the same meaning as commonly understood by one of ordinary skill in flie art to 
which this invention belongs. Although methods and materials similar or 
equivalent to those described herein can be used in the practice or testing of the 
present invention, suitable methods and materials are described herein. All 

25 publications, patent q>plications, patents, and other references mentioned herein are 
incorporated herein by reference in their entirety. In the case of a conflict, the 
present specification, including definitions, will control. In addition, the materials, 
methods, and examples are illustrative and are not intended to limit the scope of 
the invention, which is defined by the claims. 
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Other features and advantages of the invention will be apparent from the 
following detailed description, and from the claims. 

Brief Description of the Drawings 
Fig. 1 is a representation of the amino acid and coding strand and non- 
5 coding strand nucleic acid sequences of the gepl03 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:l, 2, and 3 respectively). 

Fig. 2 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gepM19 polypeptide aiid gene from a 
Streptococcus pneumonia strain (SEQ ID N0s:4, 5 and 6, respectively). 

10 Fig. 3 is a representation of the amino acid and coding strand and non- 

coding strand nucleic acid sequences of the gepll22 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID N0s:7, 8, and 9, respectively). 

Fig. 4 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gepl315 polypeptide and gene from a 
15 Streptococcus pneumonia strain (SEQ ID NOsrlO, 11, and 12, respectively). 

Fig. 5 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gepl493 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID N0s:13, 14, and 15, respectively). 

Fig. 6 is a representation of the amino acid and coding strand and non- 
20 coding strand nucleic acid sequences of the gepl507 polypeptide and goie from a 
Streptococcus pneumonia (SEQ ID N0s:16, 17, and 18, respectively). 
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Fig. 7 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the geplSIl polypeptide and gene from a 
Streptococcus pneumonia (SEQ ID N0s:19, 20, and 21, re^ectively). 

Fig. 8 is a representation of the amino acid and coding strand and non- 
5 coding strand nucleic acid sequences of the geplSlS polypeptide and gene from a 
Streptococcus pneumonia (SEQ ID NOs:22, 23, and 24, respectively). 

Fig. 9 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gepl 546 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:25, 26, and 27, respectively). 

« 

10 Fig. 10 is a representation of the amino acid and coding strand and non- 

coding strand nucleic acid sequences of the geplSSl polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:28, 29, and 30, respectively). 

Fig. 1 1 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gepl 561 polypeptide and gene from a 
15 Streptococcus pneumonia strain (SEQ ID N0s:31, 32, and 33, respectively). 

Fig. 12 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gepl 580 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:34, 35, and 36, respectively). 

Fig. 13 is a representation of the amino acid and coding strand and non- 
20 coding strand nucleic acid sequences of the gepl713 polypeptide and gene from a 
Streptococcus pneumonia (SEQ ID NOs:37, 38, and 39, respectively). 
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Fig. 14 is a rqiresentation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gep222 polypeptide and gene from a 
Streptococcus pneumonia (SEQ ID NOs:40, 41, and 42, respectively). 

Fig. 15 is a representation of the amino acid and coding strand and non- 
5 coding strand nucleic acid sequences of the gep2283 polypeptide and gene from a 
Streptococcus pneumonia (SEQ ID NOs:43, 44, and 45, respectively). 

Fig. 16 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gep273 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:46, 47, and 48, respectively). 

10 Fig. 17 is a representation of the amino acid and coding strand and non- 

coding strand nucleic acid sequences of the gep286 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:49, 50, and 51, respectively). 

Fig. 18 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gep311 polypeptide and gene from a 
15 Streptococcus pneumonia (SEQ ID NOs:52, 53, and 54, respectively). 

Fig. 19 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gep3262 polypeptide and gene from a 
Streptococcus pneumonia (SEQ ID NOs:55, 56, and 57, respectively). 

Fig. 20 is a representation of the amino acid and coding strand and non- 
20 coding strand nucleic acid sequences of the gep3387 polypeptide and gene from a 
Streptococcus pneumonia (SEQ ID NOs:58, 59, and 60, respectively). 
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Fig. 21 are a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gep47 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID N0s:61, 62, and 63, respectively). 

Fig. 22 is a representation of the amino acid and coding strand and non- 
5 coding strand nucleic acid sequences of the gep61 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:64, 65, and 66, respectively). 

Fig. 23 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gep76 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:67, 68, and 69, respectively). 

10 Fig. 24 is a representation of the amino acid and coding strand and non- 

coding strand nucleic acid sequences of the B-yneS polypeptide and gene from a 
Bacillus subtilis strain (SEQ ID NOs:70, 71, and 72, respectively). 

Fig. 25 is a schanatic representation of the PGR strategy used to produce 
DNA molecules used for targeted deletions of essential genes in Streptococcus 
15 pneumoniae. 

Fig. 26 is a schematic representation of the strategy used to produce 
targeted deletions of essential genes in Streptococcus pneumoniae. 

Detailed Description of the Invention 
Identifvdng Streptococcus Genes in Essential Operons 
20 As shown by the experiments described below, each of the GEP genes is 

located within an operon that is essential for survival of Streptococcus pneumonia. 
Streptococcus pneumonia is available from the ATCC. To identify genes located 
within essential operons, mutants of Streptococcus pneumonia were produced. In 
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general, mutagenesis of Streptococcus pneumonia can be accomplished using any of 
various art-known methods. 

In general, and for the examples set forth below, genes located within 
essential Streptococcus pneumonia operons can be identified using genes bom a 

S Streptococcus pneumonia RXl genomic library, which was produced using standard 
methods (see Kim et al., Nucl. Acids. Res. 20: 1083-1085 (1992) and Ausubel et 
al. (eds.), 1995, Current Protocols in Molecular Biology, (John Wiley & Sons, 
NY)). Genes in this Streptococcus library were disrupted using a shuttle 
mutagenesis approach with the transposon TnPho-A. Each disrupted gene then was 

10 tested to deietmine whether it was located within an operon that is essential for 
survival of Streptococcus pneumonia. In this method, 2 ml of LB broth 
supplemented with chloramphenicol (10 ^g/ml), MgS04 (10 mM) and maltose 
(0.2%) were inoculated with 50 ^il of the Streptococcus pneumonia RX-1 plasmid 
library. The culture was grown at 37®C while shaking until the OD^ of the 

15 culture reached 0.8 (approximately 2 hoiu^). A 1 ml aliquot of TiiPho-A- 
containing phage (10' pfii/ml) was added to 1 ml of the Streptococcus culture, 
producing a ratio of ^proximately 10 phage to 1 cell. The phage and cells were 
incubated at 3TC for 30 minutes. A 4 ml aliquot of LB broth, warmed to 3TC, 
ttien was added to the phage/cell mixture, and the mixture was incubated at BT^'C, 

20 while shaking, for 1 hour. The cells then were pelleted by centrilfiiging them at 
3500 rpm in a Beckman tabletop centrifuge for 5 minutes. 

The pelleted cells then were resuspended in 800 fil of LB broth, and a 200 
fil aliquot of cells was plated onto each of four petri plates containing LB agar 
supplemented with chloramphenicol (10 /ig/ml), kanamycin (50 /ig/ml), and 

25 erythromycin (300 /ig/ml). The plates then were incubated overnight at and 
the number of colonies appearing on the plates was counted. Approximately 
18,000 colonies then were pooled and used to inoculate 50 ml of LB broth, which 
was incubated overnight at 3TC. Plasmid DNA from the culture then was 
extracted using a Qiagen MDDI Prep Kit; other art-known extraction methods can 

30 be substituted. 
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The concentration of the extracted DNA was measured, and 100 ng of the 
DNA was transformed, by electroporation» into E. coli DHIOB cells (Gibco BRL). 
A 1 ml aliquot of SOC broth then was added the transformed cells, and the cells 
were incubated at 37°C for 1 hour before being pelleted by centrifugation at 3500 

S RPM for S minutes. The cells then were resuspended in 200 ^1 of LB broth, and 
aliquots of 2, 20, and SO pA were plated onto petri plates containing LB agar and 
antibiotics as described above. After incubating the plates overnight at 37**C, 93 
colonies were picked and used, individually, to inoculate 1.25 ml of Terrific broth 
supplemented with chloramphenicol (lO/ig/ml), kanamycin (50/ig/ml), and 

10 erjlhromycin (SOO/ig/ml). The cultures were incubated at ZTG for approximately 
20 hours, while shaking. The DNA from each culture then was extracted, using a 
conventional alkaline lysis miniprep method. 

The extracted DNA samples then were used, individually, to transform 
Streptococcus pneumonia cells in a 96-well microtitre format. The transposon 

15 promotes insertion of the mutagenized gene into the bacterial chromosome. Non- 
transforming clones indicate that the mutation was within an operon containing an 
essential gene. 

The non-transforming clones then were grown in 50 ml of Terrific broth 
supplemented with chloramphenicol (10 /ig/n^l)* kanamycin (SO /xg^^il), and 

20 erythromycin (300 |ig/ml). DNA from these clones was extracted and 

retransformed into Streptococcus pneumonia and plated on petri dishes to confirm 
that they were non-transforming. The genes located within essential operons then 
were sequenced, using primers that hybridize to sequences of the transposon. The 
sequences of the primers were: 5*GCAGCCCGGTTTTCCAGAACAGG3* (SEQ ID 

25 NO: 73) and 5'GATTTAGCCCAGTCGGCCGCACG3' (SEQ ID NO: 74). 

In an alternative method, which also was used, the transposon Tn 10 was 
used to dismpt genes in a Streptococcus pneumonia fosmid library, which was 
produced using standard methods. A 50 ml aliquot of TBMM broth supplemented 
with chloramphenicol (10/ig/ml), MgS04 (10 mM), and maltose (0.2%) were 

30 inoculated with a single fosmid colony from the fosmid library, and the cultures 
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were grown overnight at 3TC. The cells then were pelleted and resuspended in 5 
ml of LB broth supplemoited with chloramphenicol (10 /xg^ml), MgS04 (10 mM), 
and maltose (0.2%). A 100 fil aliquot of the cells then was mixed with 100 /il of 
TnlO phage lysate (10"^ pfu/ml), and the mixture was incubated at room 
5 temperature for 15 minutes and then incubated at 37**C for 15 minutes. 

A 5 ml aliquot of LB broth supplemented with DPTG (1 mM) and sodium 
citrate (50 mM) and warmed to 37**C then was added to the cell/phage mixture. 
After incubating the cell/phage mixture at 37°C, while shaking, the cells were 
pelleted and resuspended in 800 /il of LB broth. The cells then were plated onto 4 
10 plates of LB agar supplemented with chloramphenicol (10 p-g/mX) and erythromycin 
(300 /ig/ml). After incubatmg the cells ovemight at 37^C, at least 10,000 of the 
resulting colonies were used to inoculate 50 ml of LB broth. DNA then was 
extracted and quantified using standard methods, and 100 ng of DNA were used to 
transform E. coli DHIOB cells (Gibco BRL) via electroporation. After adding 1 ml 
15 of SOC broth to the cells, the cells were incubated at 37^*0 for 1 hour. The cells 
then were pelleted and suspended in 200 fil LB broth, and aliquots of 2, 20, and 50 
/il were plated onto LB agar supplemented with chloramphenicol (10 fig^ml), 
kanamycin (50 tig/ml), and erythromycin (300 fig/ml). The plates then were 
incubated overnight at 3TC^ and 93 colonies were picked and used to inoculate 
20 1.25 ml of Terrific broth supplemented with chloramphenicol (lOfig/ml), 
kanamycin (50 iig/ml) and erythromycin (300 /ig/ml). These cultures were 
incubated for approximately 20 hours, while shaking, and the DNA was isolated 
using a standard miniprep method. The extracted DNA then was used to transform 
Streptococcus pneumonia^ and the genes located within essential op^ons were 
25 sequenced as described above. The sequences of the primers used for sequencing 
were: 5'CCGCCATTCTTTGCTGTTTCG3' (SEQ ID NO: 75) and 
5*TTACACGTTACTAAAGGGAATG3' (SEQ ID NO: 76). 
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Identification of the geDl493, geplSOV, geplS46. gep273, geD286, and gep76 
Genes as Essential Genes 

As shown by the experiments described below, the gepl493, geplS07, 

geplS46, gep273, gep286, and gep76 genes each have been shown to be essential 

S for survival of Streptococcus pneumoniae. Each of the gepl493, gepl507» 

gq>lS46, gep273, gep286, and gep76 genes has been identified as essential by 

creating a targeted deletion of each gene, separately, in Streptococcus pneumoniae. 

Each of the gepl493, gepl507. gepl546, gep273, gep286, and gep76 genes 

was, separately, replaced with a nucleic acid sequence conferring resistance to the 

10 antibiotic erythromycin (an "erm" gene). Other genetic markers can be used in lieu 
of this particular antibiotic resistance marker. Polymerase chain reaction (PGR) 
amplification was used to make a targeted deletion in the Streptococcus genomic 
DNA, as shown in Fig. 25. Several PGR reactions were used to produce the DNA 
molecules needed to carry out target deletion of the genes of int^est. First, using 

15 primers 5 and 6, an erm gene was amplified fi-om pIL252 fi*om B. subtilis 
(available firom the Bacillus Genetic Stock Center, Columbus, OH). Primer 5 
consists of 21 nucleotides that are identical to the promoter region of the erm gene 
and complementary to Sequence A. Primer 5 has the sequence 5*GTG TTC GTG 
CTG ACT TGC ACC3' (SEQ ID NO: 77). Primer 6 consists of 21 nucleotides 

20 that are complementary to the 3' end of the erm gene. Primer 6 has the sequence 
5'GAA TTA TTT CCT CCC GTT AAA3' (SEQ ID NO: 78). PGR amplification 
of the erm gene was carried out under the following conditions: 30 cycles of 94^G 
for 1 minute, 55^C for 1 minute, and 72**C for 1.5 minutes, followed by one cycle 
of 72**C for 10 minutes. 

25 In the second and third PGR reactions, sequences flanking the gene of 

interest were amplified and produced as hybrid DNA molecules that also contained 
a portion of the erm gene. The second reaction produced a double-stranded DNA 
molecule (termed "Left Flanking Molecule") that includes sequences upstream of 
the 5' end of the gene of interest and the first 21 nucleotides of the erm gene. As 
30 shown in Fig. 25, this reaction utilized primer 1, which is 21 nucleotides in length 
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and identical to a sequence that is located approximately 500 bp upstream of the 
translation start site of the gene of interest. Primers 1 and 2 are gene-specific and 
include the sequences 5'CTC CGT GAA GTC CAC CTG AT3* (SEQ ID NO:79) 
and 5'GGT GCA AGT CAG CAC GAA CAC GCG ACA TAG GTT CCA GTT 
5 AGG3* (SEQ ID NO:80), respectively, for gepl493. Primer 2 is 42 nucleotides in 
length, with 21 of the nucleotides at the 3' end of the primer being complementary 
to the 5' end of the sense strand of the gene of interest. The 21 nucleotides at the 
5' end of the primer were identical to Sequence A and are therefore complementary 
to the 5' end of the erm gene. Thus, PCR amplification using primers 1 and 2 
iO produced the left flanking DNA molecule, which is a hybrid DNA molecule 

containing a sequence located upstream of the gene of interest and 21 base pairs of 
the erm gene, as shown m Fig. 25. 

The third PCR reaction was similar to the second reaction, but produced the 
right flanking DNA molecule, shown in Fig. 25. The right flanking DNA molecule 
15 contams 21 base pairs of the 3* end of the erm gene, a 21 base pair portion of the 
3* end of the gene of interest, and sequences downstream of the gene of interest 
This right flanking DNA molecule was produced with gene-specific primers 3 and 
4. For gep 1493, primers 3 and 4 included the sequences 5'TTT AAC GGG AGG 
AAA TAA TTC CCA TAT CGT GGC TCC TGA AT 3' (SEQ ID N0:81) and 
20 5'TAA AGC CCT CAT GTC GAA CC3* (SEQ ID NO:82), respectively. Primer 3 
is 42 nucleotides; the 21 nucleotides at the 5* end of PrimCT 3 are identical to 
Sequence B and therefore are identical to the 3* end of the erm gene. The 21 
nucleotides at the 3' end of Primer 3 are identical to the 3* end of the gene of 
interest. Primer 4 is 21 nucleotides in length and is complementary to a sequence 
25 located approximately 500 bp downstream of the gene of interest. As discussed 
above, primers 1-4 are gene-specific, and the sequences disclosed above were used 
for gepl493. Gene-specific primers were used to identify the other essential genes 
described herein, as shown in Table 2. 
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TABLE 2: Primers Used in Identifying Essential Genes 



Gene 


Primer 1 


Primer 2 


Primer 3 


Primer 4 


gepl493 


5'CTCCGTGAA 
GTCCACCTGA 
T3* (SEQ ID 
NO:79) 


5'GGTGCAAGT 

CAGCACGAAC 

ACTGCTCGCG 

TAGATTGATT 

TG3' (SEQ ID 

NO:80) 


5'TTTAACGGG 

AGGAAATAAT 

TCGGGGATTG 

AACCTAACCC 

AT3' (SEQ ID 

N0:81) 


5'TTGGCAAG 
AAGGCAGAG 
AAT3' (SEQ ID 
NO:82) 


pent 507 


5'GCATGAGAA 
ACCCAGTCTC 
C3' (SEQ ID 
NO:83) 


5'GGTGCAAGT 
CAGCACGAAC 
ACGCGACATA 
GGTTCCAGTT 
A.GG3V(SEQID 
NO:84) 


5'TTTAACGGG 

AGGAAATAAT 

TCCCATATCG 

TGGCTCCTGA 

AT3' (SEQ ID 

NO:85) 


5TAAAGCCC 
TCATGTCGAA 
CC3' (SEQ ID 
NO:86) 




5'CAGTGACGA 
TACAGATGAA 
GAA3* (SEQ ID 
NO:87) 


5'GGTGCAAGT 

CAGCACGAAC 

ACGATGCTGG 

CTTCGTTGAG 

TG3' (SEQ ID 

NO:88) 


5*TTTAACGGG 

AGGAAATAAT 

TCGTCGCGAC 

TCCTAGCCAT 

AC3' (SEQ ID 

NO:89) 


5*CCAGCAAA 
GGAAAACCG 
ATA3' (SEQ ID 
NO:90) 


gep273 


5*GGTCAGTGA 
CAGCAGCAGA 
T3' (SEQ ID 
N0:91) 


5'GGTGCAAGT 

CAGCACGAAC 

ACGGCCTTGG 

AAAAAAGACC 

AT3' (SEQ ID 

NO:92) 


S'TTTAACGGG 

AGGAAATAAT 

TCCCGCTTAA 

ATTCTGCCAA 

TC3' (SEQ ID 

NO:93) 


5*CCCATAAC 
CGTATCACCT 
GG3' (SEQ ID 
NO:94) 


gep286 


5'CGGAACGGC 
TATGAAAAAA 
A3* (SEQ ID 
NO:95) 


5'GGTGCAAGT 

CAGCACGAAC 

ACACGACGAA 

AGGCAACCAT 

AC3' (SEQ ID 

NO:96) 


5'TTTAACGGG 

AGGAAATAAT 

TCTGGTATGG 

GGGTTGATGA 

AG3' (SEQ ID 

NO:97) 


5TCGCCCTAC 
TTTTCGTATG 
C3' (SEQ ID 
NO:98) 


gep76 


5'AGCGATATT 
AGTGCGGGAG 
A3' (SEQ ID 
NO:99) 


5'GGTGCAAGT 
CAGCACGAAC 
ACCAGCAATT 
TTGTCATCAG 
TCG3' (SEQ ID 
NO: 100) 


5*TTTAACGGG 

AGGAAATAAT 

TCCTGGGGTA 

ATGGAGCACA 

GT3' (SEQ ID 

NO:101) 


5'GGGATTGT 
CACGGTAAA 
ACC3' (SEQ ID 
NO: 102) 
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PCR amplification of the left and right flanking DN A molecules was carried 
out, separately, in 50 iil reaction mixtures containing: 1 /il Streptococcus 
pneumoniae (RXl) DNA (0.25 /ig), 2.5 /il Primer 1 or Primer 4 (10 pmol//il), 
2.5 /il Primer 2 or Primer 3 (20 pmol//il), 1.2 /il a mixture dNTPS (10 mM each), 
5 37 /tl HjO, 0.7 /il Taq polymerase (5 U//il), and 5 /il lOx Taq polymerase buffer 
(10 mM Tris, 50 mM KCl, 2.5 mM MgClz). The left and right flanking DNA 
molecules were amplified using the ft)llowing PGR cycling program: 95''C for 2 
minutes; 72^C for 1 minute; 94^C for 30 seconds; 49*^0 for 30 seconds; 72°C for 1 
minute; repeating the 94^C, 49''C, and 72**C incubations 30 times; 72**C for 10 
10 minutes and then stopping the reactions. A 15 /il aliquot of each reaction mixrore 
then was electrophoresed through a 1.2% low melting point agarose gel in TAE 
buffer and then stained with ethidium bromide. Fragments containing the amplified 
left and rigjit flanking DNA molecules were excised from the gel and purified 
using the QIAQUICK™ gel extraction kit (Qiagen, Inc.) Other art-known methods 
15 for amplifying and isolating DNA can be substituted. The flanking left and ri^t 
DNA fragmrats were eluted into 30 /il TE buffer at pH 8.0. 

The amplified erm gene and left and right flanking DNA molecules were 
then fused together to produce the fusion product, as shown in Fig. 25. The fusion 
PCR reaction was carried out in a volume of 50 /il containing: 2 /il of each of the 
20 left and right flanking DNA molecules and the erm gene PCR product; 5 /il of lOx 
buffer; 2.5 /il of Primer 1 (10 pmol//il); 2.5 /il of Primer 4 (10 pmol//il), 1.2 /il 
dNTP mix (10 mM each) 32 /il H2O, and 0.7 /il Taq polymerase. The PCR 
reaction was carried out using the following cycling program: 95°C for 2 minutes; 
72^C for 1 minute; 94^C for 30 seconds, 48**C for 30 seconds; 72°C for 3 minutes; 
25 rq)eat the 94°C, 48X and 72'*C incubations 25 times; 72X for 10 minutes. After 
the reaction was stopped, a 12 /il aliquot of the reaction mixture was 
electrophoresed through an agarose gel to confirm the presence of a final product 
of approximately 2 kb. 

A 5 /il aliquot of the fusion product was used to transform S. pneumoniae 
30 grown on a medium containing erythromycin in accordance with standard 
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techniques. As shown in Fig. 26, the fusion product and the 5. pneumoniae 
genome undergo a homologous recombination event so that the erm gene replaces 
the chromosomal copy of the gene of interest, thereby creating a gene knockout. 
Disruption of an essential gene results in no growth on a medium containing 
5 erythromycin. Using this gene knockout method, the gepl493, gepl507, gepl546, 
gep273, gep286, and gep76 genes were each identified as being essential for 
survival. 
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Tdentification of Homoloes and Orthologs of GEP Polypeptides 

Having shown that the various GEP genes are essential or located within 
operons that are essential for survival of Streptococcus^ it can be expected that 
homologs and orthologs of the polypeptides encoded by these genes, when present 
5 in other organisms, for example B. subtilis, are essential or located within operons 
that are essential for survival of that organism as well, and therefore are useful 
targets for identifying antibacterial agents. Using the sequences of the GEP 
polypeptides identified in Streptococcus, homologs and orthologs of these 
polypeptides can be identified in other organisms. For example, the coding 
10 sequences of the GEP nucleic acids can be used to search the GenBank database of 
nucleotide sequences to identify homologs or orthologs that are expressed fi-om 
essential operons in other organisms. Sequence comparisons can be performed 
using the Basic Local Alignment Search Tool (BLAST) (Altschul et al., 7. MoL 
Bioly 215:403-410 1990). The percent sequence identity shared by the GEP 
15 polypeptides and their homologs or orthologs can be determined using the GAP 
program ftom the Genetics Computer Group (GCG) Wisconsin Sequence Analysis 
Package (Wisconsin Package Version 9.0, GCG; Madison, WI). The following 
parameters are suitable: gap creation penalty, 12 (protein) 50 (DNA); g^ 
extension penalty, 4 (protein) 3 (DNA). Typically, the GEP polypeptides and their 
20 homologs share at least 25% (e.g., at least 40%) sequence identity. Typically, the 
DNA sequences encoding GEP polypeptides and their homologs share at least 35% 
(e.g., at least 45%) sequence identity. To confirm that the homologs or orthologs 
of the GEP polypeptides are expressed from operons that are essential for survival 
of bacteria, the operon encoding each of the homologs or orthologs can be, 
25 separately, deleted firom the genome of the host organism. 

Tdentification of Essential Operons in Additional Streptococc us Strains 

Now ttiat the various GEP genes have been identified as being located 
within operons that are essential for survival, these genes, or firagments thereof, can 
be used to detect homologous or orthologous genes in other organisms. In 
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particular, these genes can be used to analyze various pathogenic and non- 
pathogenic strains of bacteria. Fragments of a nucleic acid (DNA or RNA) 
encoding a GEP polypeptide or homolog or ortholog (or sequences complementary 
thereto) can be used as probes in conventional nucleic acid hybridization assays of 
5 pathogenic bacteria. For example, nucleic acid probes (which typically are 8-30» or 
usually 15-20, nucleotides in length) can be used to detect GEP genes or homologs 
or orthologs thereof in art-known molecular biology methods, such as Southern 
blotting. Northern blotting, dot or slot blotting, PCR amplification methods, colony 
hybridization methods, and the like. Typically, an oligonucleotide probe based on 
10 the nucleic acid sequences described herein, or fragments thereof, is labeled and 
used to screen a genomic library constructed from mRNA obtained from a 
Streptococcus or bacterial strain of interest A suitable method of labeling involves 
using polynucleotide kinase to add ^^P-labeled ATP to the oligonucleotide used as 
the probe. This method is well known in the art, as are several other suitable 
15 methods (e.g., biotinylation and enzyme labeling). 

Hybridization of the oligonucleotide probe to tiie library, or other nucleic 
acid sample, typically is performed under stringent to highly stringent conditions. 
Nucleic acid duplex or hybrid stability is expressed as the melting temperature or 
T„, which is the temperature at which a probe dissociates from a target DNA. This 
20 melting temperature is used to define the required stringency conditions. If 
sequences are to be identified that are related and substantially identical to the 
probe, rather than identical, then it is useful to first establish the lowest temperature 
at which only homologous hybridization occurs with a particular concentration of 
salt (e.g., SSC or SSPE). Then, assuming that 1% mismatching results in a l^'C 
25 decrease in the T^, the temperature of the final wash in the hybridization reaction 
is reduced accordingly (for example, if sequences having > 95% identity with the 
probe are sought, the final wash temperature is decreased by 5""^. In practice, the 
change in T^ can be between 0.5** and r.5''C per 1% mismatch. 

As used herein, highly stringent conditions refer to hybridization at 68**C in 
30 5x SSQSx Denhardt's solution/1.0% SDS, and washing in 0.2x SSC/0.1% SDS at 
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42**C. Stringent conditions refer to washing in 3x SSC at 42**C. The parameters of 
sah concentration and temperature can be varied to achieve the optimal level of 
identity between the probe and the target nucleic acid. Additional guidance 
regarding such conditions is readily available in the art, for example, by Sambrook 
5 et al, 1989, Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Press, 
N.Y.; and Ausubel et al. (eds.), 1995, Current Protocols in Molecular Biology, 
(John Wiley & Sons, N.Y.) at Unit 2.10. 

In one approach, libraries constructed from pathogenic or non-pathogenic 
Streptococcus or bacterial strains can be screened. For example, such strains can 
10 be screened for expression of GEP genes by Northern blot analysis. Upon 
detection of transcripts of the GEP genes or homologs or orthologs thereof, 
libraries can be constructed from RNA isolated from the appropriate strain, utilizing 
standard techniques well known to those of skill in the art. Alternatively, a total 
genomic DNA library can be screened using an GEP gene probe (or a probe 
IS directed to a homolog or ortfaolog thereof). 

New gene sequences can be isolated, for example, by p^orming PCR using 
two degenerate oligonucleotide primer pools designed on the basis of nucleotide 
sequences within the GEP genes, or their homologs or orthologs, as depicted 
herein. The template for the reaction can be DNA obtained from strains known or 
20 suspected to express a GEP allele or an allele of a homolog or ortholog thereof. 
The PCR product can be subcloned and sequenced to ensure that the amplified 
sequences represent the sequences of a new GEP nucleic acid sequence, or a 
sequence of a homolog or ortholog thereof. 

Synthesis of the various GEP polypeptides or their homologs or orthologs 
25 (or an antigenic fragment thereof) for use as antigens, or for other purposes, can 
readily be accomplished using any of the various art-known techniques. For 
example, a polypeptide or homolog or ortholog thereof, or an antigenic fragment(s), 
can be synthesized chemically in vitro, or enzymatically (e.g., by in vitro 
transcription and translation). Alternatively, the gene can be expressed in, and the 
30 polypeptide purified from, a cell (e.g., a cultured cell) by using any of the 
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numerous, available gene expression systems. For example, the polypeptide antigen 
can be produced in a prokaryotic host (e.g., £. coli or B. subtilis) or in eukaryotic 
cells, such as yeast cells or insect cells (e.g., by using a baculovirus-based 
expression vector). 

S Proteins and polypeptides can also be produced in plant cells, if desired. 

For plant cells viral expression vectors (e.g., cauliflower mosaic virus and tobacco 
mosaic virus) and plasmid expression vectors (e.g., Ti plasmid) are suitable. Such 
cells are available from a wide range of sources (e.g., the American Type Culture 
Collection, Rockland, MD; also, see, e.g., Ausubel et al.. Current Protocols in 

10 .Molecular Biology, John Wiley & Sons, Nsv/ York, 1994). The optimal methods 
of transformation or transfection and the choice of expression vehicle will depend 
on the host system selected. Transformation and transfection methods are 
described, e.g., in Ausubel et al., supra: expression vehicles may be chosen from 
those provided, e.g., in Cloning Vectors: A Laboratory Manual (P.H. Pouwels et 

15 al., 1985, Siqip. 1987). The host cells harboring the expression vehicle can be 
cultured in conventional nutrient media, adapted as needed for activation of a 
chosen gene, repression of a chosen gene, selection of transformants, or 
amplification of a chosen gene. 

If desired, GEP polypeptides or their homologs or orthologs can be 

20 produced as fiision proteins. For example, the expression vector pUR278 (Ruther 
et al., EMBO J., 2:1791, 1983) can be used to create lacZ fusion protems. The art- 
known pGEX vectors can be used to express foreign polypeptides as fiision 
proteins with glutathione S-transferase (GST). In general, such fiision proteins are 
soluble and can be easily purified fcom lysed cells by adsorption to glutathione- 

25 agarose beads followed by elution in the presence of free glutathione. The pGEX 
vectors are designed to include thrombin or factor Xa protease cleavage sites so 
that the cloned target gene product can be released from the GST moiety. 

In an exemplary insect cell expression system, a baculovirus such as 
Autographa califomica nuclear polyhedrosis virus (AcNPV), which grows in 
30 Spodoptera frug^perda cells, can be used as a vector to express foreign genes. A 
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coding sequence encoding a GEP polypeptide or homolog or ortholog can be 
cloned into a non-essential region (for example the polyhedrin gene) of the viral 
genome and placed under control of a promoter, e.g., the polyhedrin promoter or 
an exogenous promoter. Successful insertion of a gene encoding a GEP 
5 polypeptide or homolog or ortholog can result in inactivation of the polyhedrin 
gene and production of non-occluded recombinant virus (i.e., virus lacking the 
proteinaceous coat encoded by the polyhedrin gene). These recombinant viruses 
are then used to infect insect cells (e.g., Spodoptera frugiperda cells) in which the 
inserted gene is expressed (see, e.g.. Smith et al., J. Virol ^ 46:584, 1983; Smith, 
10 U.S. Patent No. 4^15,051). 

In mammalian host cells, a number of viral-based expression systems can be . 
utilized. When an adenovirus is used as an expression vector, the nucleic acid 
sequence encoding the GEP polypeptide or homolog or ortholog can be ligated to 
an adenovirus transcription/ translation control complex, e.g., the late promoter and 
15 tripartite leader sequence. This chimeric gene can then be inserted into the 
adenovirus genome by in vitro or in vivo recombination. Insertion into a non- 
essential region of the viral genome (e.g., region El or E3) will result in a 
recombinant virus that is viable and capable of expressing a essential gene product 
in infected hosts (see, e.g., Logan, Proc. Natl. Acad. Sci. USA, 81:3655, 1984). 
20 Specific initiation signals may be required for efficient translation of 

inserted nucleic acid sequences. These signals include the ATG initiation codon 
and adjacent sequences. In general, exogenous translational control signals, 
including, perhaps, the ATG initiation codon, should be provided. Furthermore, the 
initiation codon must be in phase with the reading frame of the desired coding 
25 sequence to ensure translation of the entire sequence. These exogenous 

translational control signals and initiation codons can be of a variety of origins, 
both natural and synthetic. The efficiency of expression may be enhanced by the 
inclusion of appropriate transcription enhancer elements, or transcription 
terminators (Bittner et al.. Methods in Enzymol., 153:516, 1987). 
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The GEP polypeptides and homologs and ortfaologs can be expressed 
individually or as fusions with a heterologous polypeptide, such as a signal 
sequence or other polypeptide having a specific cleavage site at the N-and/or C- 
terminus of the protein or polypeptide. The heterologous signal sequence selected 
5 should be one that is recognized and processed, i.e., cleaved by a signal peptidase, 
by the host cell in which the fusion protein is expressed. 

A host cell can be chosen that modulates the expression of the inserted 
sequences, or modifies and processes the gene product in a specific, desired 
fashion. Such modifications and processing (e.g., cleavage) of protein products 
10 may facilitate optimal functioning of the protein. Various host cells have 
characteristic and specific mechanisms for post-translational processing and 
modification of proteins and gene products. Appropriate cell lines or host systems 
familiar to those of skill in the art of molecular biology can be chosen to ensure 
the correct modification and processing of the foreign protein expressed. To this 
15 end, eukaryotic host cells that possess the cellular machinery for proper processing 
of the primary transcript, and phosphorylation of the gene product can be used. 
Such manmialian host cells include, but are not limited to, CHO, VERO, BHK, 
HeLa, COS, MDCK, 293, 3T3, WI38, and choroid plexus cell lines. 

If desired, the GEP polypeptide or homolog or ortholog thereof can be 
20 produced by a stably-transfected mammalian cell line. A number of vectors 

suitable for stable transection of mammalian cells are available to the public, see^ 
e.g., Pouwels et al. (supra) ; methods for constructing such cell lines are also 
pubhcly known, e.g., in Ausubel et al. (supra) . In one example, DNA encoding the 
protein is cloned into an expression vector that includes the dihydrofolate reductase 
25 (DHFR) gene. Integration of tiie plasmid and, therefore, tiie GEP polypeptide- 
encoding gene into the host cell chromosome is selected for by including 0.01-300 
/iM methotrexate in the cell culture medium (as described in Ausubel et al., supra) . 
This dominant selection can be accompUshed in most cell types. 

Recombinant protein expression can be increased by DHFR-mediated 
30 amplification of the transfected gene. Methods for selecting cell lines bearing gene 
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amplifications are described in Ausubel et al. (supra) : such methods generally 
involve extended culture in medium containing gradually increasing levels of 
methotrexate. DHFR-containing expression vectors commonly used for this 
purpose include pCVSEII-DHFR and pAdD26SV(A) (described in Ausubel et al., 
5 supraV 

A number of other selection systems can be used, including but not limited 
to, herpes simplex vims thymidine kinase genes, hypoxanthine-guanine 
phosphoribosyl-transferase genes, and adenine phosphoribosyltransferase genes, 
which can be employed in tK hgprt, or aprt cells, respectively. In addition, gpty 

le which confers resistance to mycophenolic acid (Mulligan et al,, Proc. Natl Acad, 
ScL USA, 78:2072, 1981); neo, which confers resistance to the aminoglycoside G- 
418 (Colberre-Garapin et al., J. MoL Bio/., 150:1, 1981); and hygro, which confers 
resistance to hygromycin (Santerre et al.. Gene, 30:147, 1981), can be used. 

Alternatively, any fusion protein can be readily purified by utilizing an 

15 antibody or other molecule that specifically binds to the fusion protein being 
expressed. For example, a system described in Janknecht et al., Proc. Natl Acad, 
Sci. USAy 88:8972 (1981), allows for the ready purification of non-denatured fusion 
proteins expressed in human cell lines. In this system, the gene of interest is 
subcloned into a vaccinia recombination plasmid such that the genets open reading 

20 frame is translationally fused to an amino-terminal tag consisting of six histidine 
residues. Extracts from cells infected with recombinant vaccinia virus are loaded 
onto Ni^^ nitriloacetic acid-agarose columns, and histidine-tagged proteins are 
selectively eluted with imidazole-containing buffers. 

Alternatively, a GEP polypeptide or homolog or ortholog, or a portion 

25 thereof, can be fiised to an immunoglobulin Fc domain. Such a fusion protein can 
be readily purified using a protem A column, for example. Moreover, such fusion 
proteins permit the production of a chimeric form of a GEP polypeptide or 
homolog or ortholog having increased stability in vivo. 

Once the recombinant GEP polypq)tide (or homolog or ortholog) is 

30 expressed, it can be isolated (i.e., purified). Secreted forms of the polypeptides can 
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be isolated from cell culture media, while non-secreted forms must be isolated from 
the host cells. Polypeptides can be isolated by affinity chromatography. For 
example, an anti-gepl03 antibody (e.g., produced as described herein) can be 
attached to a column and used to isolate the protein. Lysis and fractionation of 

5 cells harboring the protein prior to affinity chromatography can be performed by 
standard methods (see^ e.g., Ausubel et al., supra) . Alternatively, a fusion protein 
can be constructed and used to isolate a GEP polypeptide (e.g., a gepl03-maltose 
binding fusion protein, a gep-103-P-galactosidase fusion protein, or a gepl03-tTpE 
fusion protein; see^ e.g., Ausubel et al., supra: New England Biolabs Catalog, 
10 Beverly, MA). Tne recombinant protein can, if desired, be farther purified, e.g., 
by high performance liquid chromatography using standard techniques {see, e.g.. 
Fisher, Laboratory Techniques In Biochemistry And Molecular Biology^ eds.. Work 
and Burdon, Elsevier, 1980). 

Given the amino acid sequences described herein, polypeptides useful in 

15 practicing the invention, particularly fragments of GEP polypeptides can be 

produced by standard chemical synthesis (e.g., by the methods described in Solid 
Phase Peptide Synthesis, 2nd ed.. The Pierce Chiemical Co., Rockford, XL, 1984) 
and used as antigens, for example. 

Antibodies 

20 The GEP polypeptides (or antigenic fragments or analogs of such 

polypeptides) can be used to raise antibodies useful in the invention, and such 
polypeptides can be produced by recombinant or peptide synthetic techniques (see, 
e.g.. Solid Phase Peptide Synthesis, supra; Ausubel et al., supra) . Likewise, 
antibodies can be raised against the GEP homologs and orthologs, In general, the 

25 polypeptides can be coupled to a carrier protein, such as KLH, as described in 
Ausubel et al., supra, mixed with an adjuvant, and injected into a host mammal. 
Antibodies can be purified, for example, by affinity chromatography methods in 
which the polypq)tide antigen is immobilized on a resin. 
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In particular, various host animals can be imnumized by injection of a 
polypeptide of interest. Examples of suitable host animals include rabbits, mice, 
guinea pigs, and rats. Various adjuvants can be used to increase the immunological 
response, depending on the host species, including but not limited to Freund's 

5 (complete and incomplete adjuvant), adjuvant mmeral gels such as aluminum 
hydroxide, surface active substances such as lysolecithin, pluronic polyols, 
polyanions, peptides, oil emulsions, keyhole limpet hemocyanin, dinitrophenol, 
BCG (bacille Calmette-Guerin) and Corynebacterium parvum. Polyclonal 
antibodies are heterogeneous populations of antibody molecules derived from the 

10 sera of the immunized animals. 

Antibodies useful in the invention include monoclonal antibodies, polyclonal 
antibodies, humanized or chimeric antibodies, single chain antibodies. Fab 
fragments, F(ab')2 fragments, and molecules produced using a Fab expression 
library. 

15 Monoclonal antibodies (mAbs), which are homogeneous populations of 

antibodies to a particular antigen, can be prepared using the GEP polypeptides or 
homologs or orthologs thereof and standard hybridoma technology (see, e.g., 
Kohler et al.. Nature, 256:495, 1975; Kohler et al., Euk J. Immunol, 6:511, 1976; 
Kohler et al., Eur. 1 Immunol, 6:292. 1976; Hammerling et al., In Monoclonal 
20 Antibodies and T Cell Hvbridomas, Elsevier. NY, 1981; Ausubel et al., supra). 

In particular, monoclonal antibodies can be obtained by any technique that 
provides for the production of antibody molecules by continuous cell lines in 
culture, such as those described in Kohler et al.. Nature, 256:495, 1975, and U.S. 
Patent No. 4,376,110; the human B-cell hybridoma technique (Kosbor et al., 
25 Immunology Today, 4:72, 1983; Cole et al., Proc, Natl Acad Set USA, 80:2026, 
1983); and the EBV-hybridoma technique (Cole et al.. Monoclonal Antibodies and 
Cancer Therapy. Alan R. Liss, Inc., pp. 77-96, 1983). Such antibodies can be of 
any immunoglobulin class including IgG, IgM, IgE, IgA, IgD, and any subclass 
thereof. The hybridomas producing the mAbs of this invention can be cultivated in 
30 vitro or in vivo. 
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Once produced, polyclonal or monoclonal antibodies are tested for specific 
recognition of a GEP polypeptide or homolog or ortholog thereof in an 
inununoassay, such as a Western blot or immunoprecipitation analysis using 
standard techniques, e.g., as described in Ausubel et al., supra . Antibodies that 

5 specifically bind to the GEP polypeptides, or conservative variants and homologs or 
orthologs thereof, are useful in the invention. For example, such antibodies can be 
used in an immunoassay to detect a GEP polypeptide in pathogenic or non- 
pathogenic strains of bacteria. 

Preferably, antibodies of the invention are produced using fiiagments of the 

10 GEP polypeptides that appear likely io be antigenic, by criteria such as high 
frequency of charged residues. In one specific example, such firagments are 
genmited by standard techniques of PGR, and are then cloned into the pGEX 
expression vector (Ausubel et al., supra) . Fusion proteins are expressed in E. coli 
and purified using a glutathione agarose affinity matrix as described in Ausubel, et 

IS al., supra. 

If desired, several (e.g., two or three) fusions can be generated for each 
protein, and each fusion can be injected into at least two rabbits. Antisera can be 
raised by injections in a series, typically including at least three booster injections. 
Typically, the antisera is checked for its ability to inmiunoprecipitate a recombinant 
20 GEP polypeptide or homolog or ortholog, or unrelated control proteins, such as 
glucocorticoid receptor, chloramphenicol acetyltransferase, or luciferase. 

Techniques developed for the production of "chimeric antibodies" (Morrison 
et al., Proc. Natl Acad, ScL, 81:6851, 1984; Neuberger et al.. Nature, 312:604, 
1984; Takeda et al.. Nature, 314:452, 1984) can be used to splice the genes from a 
25 mouse antibody molecule of appropriate antigen specificity together with genes 
firom a human antibody molecule of appropriate biological activity. A chimeric 
antibody is a molecule in which different portions are derived firom different animal 
species, such as those having a variable region derived firom a murine mAb and a 
human immunoglobulin constant region. 
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Altematively, techniques described for the production of single chain 
antibodies (U.S. Patent 4,946,778; and U.S. Patents 4,946,778 and 4,704.692) can 
be adapted to produce single chain antibodies against a GEP polypeptide or 
homolog or ortholog. Single chain antibodies are formed by linking the heavy and 
5 light chain fragments of the Fv region via an amino acid bridge, resulting in a 
single chain polypeptide. 

Antibody fragments that recognize and bind to specific epitopes can be 
generated by known techniques. For example, such fragments can include but are 
not limited to F(ab')2 fragments, which can be produced by pepsin digestion of the 
10 antibody molecule, and Fab fragments, which can be generated by reducing the 
disulfide bridges of F(ab*)2 fragments. Alternatively, Fab expression libraries can 
be constructed (Huse et al.. Science^ 246:1275, 1989) to allow rapid and easy 
identification of monoclonal Fab fragments with the desired specificity. 

Polyclonal and monoclonal antibodies that specifically bind to GEP 
IS polypeptides or homologs or orthologs can be used, for example, to detect 
expression of a GEP gene or homolog or ortholog in another strain of bacteria. 
For example, a GEP polypeptide can be readily detected in conventional 
immunoassays of bacteria cells or extracts. Examples of suitable assays include, 
without limitation. Western blotting, ELISAs, radioimmune assays, and the like. 

20 Assav for Antibacterial Agents 

The invention provides a method for identifying an antibacterial agent(s). 
Although the inventors are not bound by any particular theory as to the biological 
mechanism involved, the new antibacterial agents are thought to inhibit specifically 
(1) the function of a polypeptide(s) encoded by a nucleic acid located within an 

25 operon containing a GEP gene, or (2) expression of the a gene located within an 
operon containing a GEP gene, or homologs or orthologs thereof Screening for 
antibacterial agents can be rapidly accomplished by identifying those compounds 
(e.g., polypeptides or small molecules) that specifically bind to a polypeptide 
encoded by a nucleic acid located within an operon containing a GEP gene. A 
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homolog or ortholog of a GEP polypq)tide can be substituted for the GEP 
polypeptide in the methods summarized herein. Specific binding of a test 
compound to a polypeptide can be detected, for example, in vitro by reversibiy or 
irreversibly immobilizing the test compound(s) on a substrate, e.g., the surface of a 
5 well of a 96-well polystyrene microtitre plate. Methods for immobilizing 

polypeptides and other small molecules are well known in the art. For example, 
the microtitre plates can be coated with a polypq)tide encoded by a nucleic acid 
located within an operon containing a GEP gene (e.g., a GEP polypeptide or a 
combination of GEP polypeptides and/or homologs and/or orthologs) by adding the 
10 p6lypeptide(s) in a soiuiiou (typically, at a concentratiGn of 0.05 to 1 mg'ml in a 
volume of 1-100 /xl) to each well, and incubating the plates at room temperature to 
37*^C for 0.1 to 36 hours. Polypeptides that are not bound to the plate can be 
removed by shaking the excess solution from the plate, and then washing the plate 
(once or repeatedly) with water or a buffer. Typically, the polypeptide, homolog, 
15 or ortholog is contained in water or a buffer. The plate is then washed with a 
buffer that lacks the bound polypeptide. To block the free protein-binding sites on 
the plates, the plates are blocked with a protein that is unrelated to the bound 
polypeptide. For example, 300 ^il of bovine serum albumin (BSA) at a 
concentration of 2 mg/ml in Tris-HCl is suitable. Suitable substrates include those 
20 substrates that contain a defined cross-linking chemistry (e.g., plastic substrates, 
such as polystyrene, styrene, or polypropylene substrates from Coming Costar 
Corp. (Cambridge, MA), for example). If desired, a beaded particle, e.g., beaded 
agarose or beaded sepharose, can be used as the substrate. 

Binding of the test compound to the new polypeptides (or homologs or 
25 orthologs thereoQ can be detected by any of a variety of art-known methods. For 
example, an antibody that specifically binds to a GEP polypeptide can be used in 
an immunoassay. If desired, the antibody can be labeled (e.g., fluorescently or 
with a radioisotope) and detected directly {see, e.g.. West and McMahon, J. Cell 
Biol 74:264, 1977). Alternatively, a second antibody can be used for detection 
30 (e.g., a labeled antibody that binds to the Fc portion of an anti-GEP103 antibody). 
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In an alternative detection method, the GEP polypeptide is labeled, and the label is 
detected (e.g., by labeling a GEP polypeptide with a radioisotope, fluorophore. 
chromophore, or the like). In still another method, the GEP polypeptide is 
produced as a fusion protein with a protein that can be detected optically, e.g., 
5 green fluorescent protein (which can be detected under UV hght). In an alt^ative 
method, the polypeptide (e.g., gepl03) can be produced as a fusion protein with an 
enzyme having a detectable enzymatic activity, such as horse radish peroxidase, 
alkaline phosphatase, p-galactosidase, or glucose oxidase. Genes encoding all of 
these enzymes have been cloned and are readily available for use by those of skill 
10 in the art If desired, the fusion protein caii include an antigen, and such an 
antigen can be detected and measured with a polyclonal or monoclonal antibody 
using conventional methods. Suitable antigens include enzymes (e.g., horse radish 
peroxidase, alkaline phosphatase, and p-galactosidase) ^and non-enzjmiatic 
polypeptides (e.g., serum proteins, such as BSA and globulins, and milk proteins, 
IS such as caseins). 

In various in vivo methods for identifying polypeptides that bind to GEP 
polypeptides, the conventional two-hybrid assays of protem/protein interactions can 
be used (see e.g., C3iien et al., Proc. Natl Acad. ScL USA, 88:9578, 1991; Fields et 
al., U.S. Pat No. 5,283,173; Fields and Song, Nature^ 340:245, 1989; Le Douarin 
20 et al., Nucleic Acids Research, 23:876, 1995; Vidal et al., Proc. Natl Acad. Sci. 
USA, 93:10315-10320, 1996; and White, Proc. Natl. Acad. Sci. USA, 93:10001- 
10003, 1996). Kits for practicing various two-hybrid methods are commercially 
available (e.g., from Clontech; Palo Alto, CA). 

Generally, the two-hybrid methods involve in vivo reconstitution of two 
25 separable domains of a transcription factor. The DNA binding domain (DB) of the 
transcription factor is required for recognition of a chosen promoter. The 
activation domain (AD) is required for contacting other components of the host 
ceirs transcriptional machinery. The transcription factor is reconstituted through 
the use of hybrid proteins. One hybrid is composed of the AD and a first protein 
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of interest. The second hybrid is composed of the DB and a second protein of 
int^est. 

Useful reporter genes are those that are operably linked to a promoter which 
is specifically recognized by the DB. Typically, the two-hybrid system employs 
5 the yeast Saccharomyces cerevisiae and reporter genes, the expression of which can 
be selected under appropriate conditions. Other eukaryotic cells, including 
mammalian and insect cells, can be used, if desired. The two-hybrid system 
provides a convenient method for cloning a gene encoding a polypeptide (i.e., a 
candidate antibacterial agent) that binds to a second, preselected polypeptide (e.g., 
10 gepiOS). Typically, tiiougii not necessarily, a DNA library is constructed such that 
randomly generated sequences are fused to the AD, and the protein of interest (e.g., 
gq)103) is fused to the DB. 

In such two-hybrid methods, two fusion proteins are produced. One fusion 
protein contains the GEP polypqjtide (or homolog or ortholog thereof) fused to 
15 either a transactivator domain or DNA binding domain of a transcription factor 
(e.g., of Gal4). The other fusion protein contains a test polypq}tide fused to either 
the DNA binding domain or a transactivator domain of a transcription factor. Once 
brought together in a single cell (e.g., a yeast cell or mammalian cell), one of the 
fusion proteins contains the transactivator domain and the other fusion protein 
20 contains the DNA binding domain. Therefore, binding of the GBP polypeptide to 
the test polypeptide (i.e., candidate antibacterial agent) reconstitutes the 
transcription factor. Reconstitution of the transcription factor can be detected by 
detecting expression of a gene (i.e., a reporter gene) that is operably linked to a 
DNA sequence that is bound by the DNA binding domain of the transcription 
25 factor. 

The methods described above can be used for high throughput screening of 
numerous test compoimds to identify candidate antibacterial (or anti-bacterial) 
agents. Having identified a test compound as a candidate antibacterial agent, the 
candidate antibacterial agent can be further tested for inhibition of bacterial growth 
30 in vitro or in vivo (e.g., using an animal, e.g., rodent, model system) if desired. 
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Using other, art-known variations of such methods, one can test the abiHty of a 
nucleic acid (e.g., DNA or RNA) used as the test compound to bind to a 
polypeptide encoded by a nucleic acid sequence located within an operon 
containing a GEP gene or homolog or ortholog thereof. 

5 In vitro, further testing can be accomplished by means known to those in 

the art such as an enzyme inhibition assay or a whole-cell bacterial growth 
inhibition assay. For example, an agar dilution assay identifies a substance that 
inhibits bacterial growth. Microtiter plates are prepared with serial dilutions of the 
test compound; adding to the preparation a given amount of growth substrate; and 

10 providing a preparation of Sirepiococcus cells. Inliibition of growth is determined, 
for example, by observing changes in optical densities of the bacterial cultures. 

Inhibition of bacterial growth is demonstrated, for example, by comparing 
(in the presence and absence of a test compound) the rate of growth or the absolute 
growth of bacterial cells. Inhibition includes a reduction of one of the above 

15 measurements by at least 20% (e.g., at least 25%, 30%, 40%, 50%, 75%, 80%, or 
90%). 

Rodent (e.g., murine) and rabbit animal models of strq)tococcal infections 
are known to those of skill in the art, and such animal model systems are accepted 
for screening antibact^al agents as an indication of their then^utic efficacy in 

20 human patients. In a typical in vivo assay, an animal is infected with a pathogenic 
Streptococcus strain, e.g., by inhalation of Streptococcus pneumoniae, and 
conventional methods and criteria are used to diagnose the mammal as being 
afnicted with streptococcal pneumonia. The candidate antibacterial agent then is 
administered to the mammal at a dosage of 1-100 mg/kg of body weight, and the 

25 mammal is monitored for signs of amehoration of disease. Alternatively, the test 
compound can be administered to the mammal prior to infecting the mammal with 
Streptococcus, and the abiUty of the treated mammal to resist infection is measured. 
Of course, the results obtained in the presence of the test compound should be 
compared with results in control animals, which are not treated with the test 
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compound. Administration of candidate antibacterial agent to the mammal can be 
carried out as described below, for example. 

Pharmaceutical Formulations 

Treatment includes administering a pharmaceutically effective amount of a 
5 composition containing an antibacterial agent to a subject in need of such 

treatment, thereby inhibiting bacterial growth in the subject. Such a composition 
typically contains from about 0.1 to 90% by weight (such as 1 to 20% or 1 to 
10%) of an antibacterial agent of the invention in a pharmaceutically acceptable 
carrier. 

10 Solid formulations of the compositions for oral administration may contain 

suitable carriers or excipients, such as com starch, gelatin, lactose, acacia, sucrose, 
microcrystalline cellulose, kaolin, mamiitol, dicalcium phosphate, calcium 
caibonate, sodium chloride, or alginic acid. Disintegrators that can be used 
include, without limitation, micro-crystalline cellulose, com starch, sodium starch 
15 glycolate and alginic acid. Tablet binders that may be used include acacia, 

methylcellulose, sodium carboxymcthylcellulose, polyvinylpyrrolidone (Povidone), 
hydroxypropyl methylcellulose, sucrose, starch, and ethylcellulose. Lubricants that 
may be used include magnesium stearates, stearic acid, silicone fluid, talc, waxes, 
oils, and colloidal silica. 
20 Liquid formulations of the compositions for oral administration prepared in 

water or other aqueous vehicles may contain various suspending agents such as 
methylcellulose, alginates, tragacanth, pectin, kelgin, carrageenan, acacia, 
polyvinylpyrrolidone, and polyvinyl alcohol. The liquid fomiulations may also 
include solutions, emulsions, syrups and elixirs containing, together with the active 
25 compoimd(s), wetting agents, sweeteners, and coloring and flavoring agents. 

Various liquid and powder formulations can be prepared by conventional methods 
for inhalation into the lungs of the mammal to be treated. 

Injectable fonnulations of the compositions may contain various carriers 
such as vegetable oils, dimethylacetamide, dimethylforaiamide, ethyl lactate, ethyl 
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carbonate, isopropyl myristate, ethanol, polyols (glycerol, propylene glycol, liquid 
polyethylene glycol, and the like). For intravenous injections, water soluble 
versions of the compounds may be administered by the drip method, whereby a 
pharmaceutical formulation containing the antibacterial agent and a physiologically 
5 acceptable excipient is infused. Physiologically acceptable excipients may include, 
for example, 5% dextrose, 0.9% saline. Ringer's solution or other suitable 
excipients. Intramuscular preparations, a sterile formulation of a suitable soluble 
salt form of the compounds can be dissolved and administered in a pharmaceutical 
excipient such as Water-for-Injection, 0.9% saline, or 5% glucose solution. A 
10 suitable insoluble form of the compound may be prepared and administered as a 
suspension in an aqueous base or a pharmaceutically acceptable oil base, such as an 
ester of a long chain fatty acid, (e.g,, ethyl oleate). 

A topical semi-solid ointment formulation typically contains a concentration 
of the active ingredient firam about 1 to 20%, e.g., 5 to 10% in a carrier such as a 
IS pharmaceutical cream base. Various formulations for topical use include drops, 
tinctures, lotions, creams, solutions, and ointments containing the active ingredient 
and various supports and vehicles. 

The optimal percentage of the antibacterial agent in each pharmaceutical 
formulation varies according to the formulation itself and the then^eutic effect 
20 desired in the specific pathologies and correlated therapeutic regimens. Appropriate 
dosages of the antibacterial agents can readily be determined by those of ordinary 
skill in the art of medicine by monitoring the mammal for signs of disease 
amelioration or inhibition, and increasing or decreasing the dosage and/or frequency 
of treatment as desired. The optimal amount of the antibacterial compound used 
25 for treatment of conditions caused by or contributed to by bacterial infection may 
depend upon the manner of administration, the age and the body weight of the 
subject and the condition of the subject to be treated. Generally, the antibacterial 
compound is administered at a dosage of 1 to 100 mg/kg of body weight, and 
typically at a dosage of 1 to 10 mg/kg of body weight. 
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Using the transposon-based mutagenesis methods described above, the 
Streptococcus pneumonia genome was mutagenized, and 23 genes were identified 
as being located within operons that are essential for survival of Streptococcus 
5 pneumonia. These genes are listed in Table 1, above, and their nucleic acid and 
amino acid sequences are represented by SEQ ID NOs:l-69, as shown in Figs. 1- 
23. 

Now that each of these genes is known to be located within an operon that 
is essential for survival of Streptococcus, the polypeptides encoded by nucleic acids 
10 located within iiiose operons can be used to identify antibacterial agents by using 
the assays described herein. Other art-known assays to detect interactions of test 
compounds with proteins, or to detect inhibition of bacterial growth also can be 
used with the nucleic acids located within operons containing the GEP genes, and 
gene products and homologs or orthologs thereof. 

IS Other Embodiments 

The invOTtion also features fragments, variants, analogs, and derivatives of 
the GEP polypeptides described above that retain one or more of the biological 
activities of the GEP polypeptides, e.g., as determined in a complementation assay. 
Also included within the invention are naturally-occurring and non-naturally- 

20 occurring allelic variants. Compared with the naturally-occurring GEP grae, 

sequences depicted in Figs. 1-23, the nucleic acid sequence encoding allelic variants 
may have a substitution, deletion, or addition of one or more nucleotides. The 
preferred allelic variants are fimctionally equivalent to a GEP polypeptide, e.g., as 
determined in a complementation assay. 

25 It is to be understood that, while the invention has been described in 

conjunction with the detailed description thereof, the foregoing description is 
intended to illustrate and not limit the scope of the invention, which is defined by 
the scope of the appmded claims. Other aspects, advantages, and modifications are 
within the scope of the following claims. 
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What is claimed is: 

1. An isolated operon comprising a nucleotide sequence, or an allelic 
variant or homolog of the nucleotide sequence, encoding: 

a gepl03 polypeptide comprising the amino acid sequence of SEQ ID N0:1, 
5 as depicted in Fig. 1; 

a gepl 119 polypeptide comprising the amino acid sequence of SEQ ID 
N0:4, as depicted in Fig. 2; 

a gepl 122 polypeptide comprising the amino acid sequence of SEQ ID 
N0:7, as depicted in Fig. 3; 
10 a gepl315 polypeptide comprising the amino acid sequence of SEQ ID 

NO: 10, as depicted in Fig. 4; 

a gepl493 polypeptide comprising the amino acid sequence of SEQ ID 
NO: 13, as depicted in Fig. 5; 

a gepl 507 polypeptide comprising the amino acid sequence of SEQ ID 
15 NO: 16, as depicted in Fig. 6; 

a gq)1511 polypq)tide comprising the amino acid sequrace of SEQ ID 
NO: 19, as depicted in Fig. 7; 

a gqpl518 polypeptide comprising the amino acid sequence of SEQ ID 
NO:22, as depicted in Fig. 8; 
20 a gepl 546 polypeptide comprising the amino acid sequence of SEQ ID 

NO:25, as depicted in Fig. 9; 

a gepl 551 polypeptide comprising tfie amino acid sequence of SEQ ID 
NO:28, as depicted in Fig. 10; 

a gepl 561 polypeptide comprising the amino acid sequence of SEQ ID 
25 N0:31, as depicted in Fig. 11; 

a gepl580 polypeptide comprising the amino acid sequence of SEQ ID 
NO:34, as dq)icted in Fig. 12; 

a gepl713 polypeptide comprising the amino acid sequence of SEQ ID 
NO:37 as depicted in Fig. 13; 
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a gep222 polypeptide comprising the amino acid sequence of SEQ ID 
NO:40, as depicted in Fig. 14; 

a gep2283 polypeptide comprising the amino acid sequence of SEQ ID 
NO:43, as depicted in Fig. 15; 
5 a gep273 polypeptide comprising the amino acid sequence of SEQ ID 

NO:46, as depicted in Fig. 16; 

a gep286 polypeptide comprising the amino acid sequence of SEQ ID 
NO:49, as depicted in Fig. 17; 

a gep311 polypeptide comprising the amino acid sequence of SEQ ID 
10 NO:52, as depicted in Fig. 18; 

a gep3262 polypeptide comprising the amino acid sequence of SEQ ID 
NO:55, as depicted in Fig. 19; 

a gep3387 polypeptide comprising the ammo acid sequence of SEQ ID 
NO:58, as depicted in Fig. 20; 
15 a gep47 polypeptide comprising the amino acid sequence of SEQ ID NO:61, 

as depicted in Fig. 21; 

a gep61 polypeptide comprising the amino acid sequence of SEQ ID NO:64, 
as depicted in Fig. 22; or 

a gep76 polypeptide comprising the amino acid sequence of SEQ ID NO:67, 
20 as depicted in Fig. 23. 

2. An isolated nucleic acid molecule comprising a nucleic acid sequence 
selected from the group consisting of: 

(1) an operon comprising the sequence of SEQ ID NO:2, as depicted in Fig. 
1, or degenerate variants thereof; 
25 (2) an operon comprising the sequence of SEQ ID NO:2, or degenerate 

variants thereof, wherein T is replaced by U; 

(3) nucleic acids complementary to (1) and (2); 



wo 99/33871 



PCT/US98/27918 



-48- 

(4) fragmrats of (1), (2), and (3) that are at least 15 base pairs in length and 
which hybridize under stringent conditions to genomic DNA encoding the 
polypeptide of SEQ ID N0:1; 

(5) an operon comprising the sequence of SEQ ID N0:5, as depicted in Fig. 
5 2, or degenerate variants thereof; 

(6) an operon comprising the. sequence of SEQ ID N0:5, or degenerate 
variants thereof, wherein T is replaced by U; 

(7) nucleic acids complementary to (5) and (6); 

(8) fragments of (5), (6), and (7) that are at least 15 base pairs in length and 
10 which hybridize under stringent conditions to genomic DNA encoding the 

polypeptide of SEQ ID N0:4; 

(9) an operon comprising the sequence of SEQ ID N0:8, as depicted in Fig. 
3, or degenerate variants thereof; 

(10) an operon comprising the sequence of SEQ ID N0:8, or degenerate 
1 5 variants thCTcof, wherein T is replaced by U; 

(11) nucleic acids complementary to (9) and (10); 

(12) fragmrats of (9), (10), and (1 1) that are at least 15 base pairs in length 
and which hybridize under stringent conditions to genomic DNA encoding the 
polypeptide of SEQ ID N0:7; 

20 (13) an operon comprising the sequence of SEQ ID NO:l 1, as depicted in 

Fig, 4, or degenerate variants thereof; 

(14) an operon comprising the sequence of SEQ ID N0:11, or degenerate 
variants thereof, wherein T is replaced by U; 

(15) nucleic acids complementary to (13) and (14); and 

25 (16) fragments of (13), (14), and (15) that are at least 15 base pairs in 

length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:10; 
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(17) an operon comprising the sequence of SEQ ID NO: 14, as depicted in 
Fig. 5, or degenerate variants thereof; 

(18) an operon comprising the sequence of SEQ ID NO: 14, or degenerate 
variants thereof, wherein T is replaced by U; 

5 (19) nucleic acids complementary to (17) and (18); 

(20) fragments of (17), (18), and (19) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:13; 

(21) an operon comprising the sequence of SEQ ID NO: 17, as depicted in 
10 Fig. 6, or degenerate variants thereof; 

(22) an operon comprising the sequence of SEQ ID NO: 17, or degenerate 
variants thereof, wherein T is replaced by U; 

(23) nucleic acids complementary to (21) and (22); 

(24) fragments of (21), (22), and (23) that are at least 15 base pairs in 

15 length and which hybridize under stringmt conditions to genomic DNA encoding 
the polypq)tide of SEQ ID NO: 16; 

(25) an operon comprising the sequence of SEQ ID NO:20, as depicted in 
Fig. 7, or degenerate variants thereof; 

(26) an operon comprising the sequence of SEQ ID NO:20, or degenerate 
20 variants thereof, wherein T is rq>laced by U; 

(27) nucleic acids complementary to (25) and (26); 

(28) fragments of (25), (26), and (27) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO: 19; 

25 (29) an operon comprising the sequence of SEQ ID NO:23, as depicted in 

Fig. 8, or degenerate variants thereof; 
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(30) an operon comprising the sequence of SEQ ID NO:23, or degenerate 
variants thereof, wherein T is replaced by U; 

(31) nucleic acids complementary to (29) and (30); and 

(32) fragments of (39), (30), and (31) that are at least IS base pairs in 

5 length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:22; 

(33) an operon comprising the sequence of SEQ ID NO:26, as depicted in 
Fig. 9, or degenerate variants thereof; 

(34) an operon comprising the sequence of SEQ ID NO:26, or degenerate 
10 variants thereof, wherein T is replaced by U; 

(35) nucleic acids complementary to (33) and (34); 

(36) fragments of (33), (34), and (35) that are at least 15 base pairs in 
length and which hybridize imder stringoit conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:25; 

15 (37) an opCTon comprising the sequence of SEQ ID NO:29, as depicted in 

Fig. 10, or degenerate variants thereof; 

(38) an operon comprising the sequence of SEQ ID NO:29, or degenerate 
variants thereof, wherein T is replaced by U; 

(39) nucleic acids complementary to (37) and (38); 

20 (40) fragments of (37), (38), and (39) that are at least 15 base pairs in 

length and which hybridize under stringent conditions to genomic DNA ^coding 
the polypeptide of SEQ ID NO:28; 

(41) an operon comprising the sequence of SEQ ID NO:32, as depicted in 
Fig. 11, or degenerate variants thereof; 
25 (42) an operon comprising the sequence of SEQ ID NO:32, or degenerate 

variants thereof, whwein T is replaced by U; 

(43) nucleic acids complemmtary to (41) and (42); 
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(44) fragments of (41 )» (42), and (43) that are at least IS base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:31; 

(45) an operon comprising the sequence of SEQ ID NO:35, as depicted in 
5 Fig. 12, or degenerate variants th^eof; 

(46) an operon comprising the sequence of SEQ ID NO:35, or degenerate 
variants thereof, wherein T is replaced by U; 

(47) nucleic acids complementary to (45) and (46); and 

(48) fragments of (45), (46), and (47) that are at least 15 base pairs in 

10 length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:34; 

(49) an operon comprising the sequence of SEQ ID NO:38, as depicted in 
Fig. 13, or degenerate variants thereof; 

(50) an opat>n comprising the sequence of SEQ ID NO:38, or degenerate 
IS variants thereof, wherein T is replaced by U; 

(51) nucleic acids complemrataiy to (49) and (50); 

(52) fragments of (49), (50), and (51) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:37; 

20 (53) an operon comprising the sequence of SEQ ID N0:41, as depicted in 

Fig. 14, or degenerate variants thereof; 

(54) an operon comprising the sequence of SEQ ID N0:41, or degenerate 
variants thereof, wherein T is replaced by U; 

(55) nucleic acids complementary to (53) and (54); 

25 (56) fragments of (53), (54), and (55) that are at least 15 base pairs in 

length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:40; 
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(57) an operon comprising the sequence of SEQ ID NO:44, as depicted in 
Fig. 15, or degenerate variants thereof; 

(58) an operon comprising the sequence of SEQ ID NO:44, or degenerate 
variants thereof, wherein T is replaced by U; 

5 (59) nucleic acids complementary to (57) and (58); 

(60) fragments of (57), (58), and (59) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:39; 



(61) an operon eomprising the sequence of SEQ ID NO:47, as depicted in 
10 Fig. 16, or degenerate variants thereof; 

(62) an operon comprising the sequence of SEQ ID NO:47, or degenerate 
variants thereof, wherein T is replaced by U; 

(63) nucleic acids complementary to (61) and (62); and 

(64) fragments of (61 )» (62), and (63) that are at least IS base pairs in 

15 length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:46; 



(65) an operon comprising the sequence of SEQ ID NO:50, as depicted in 
Fig. 17, or degenerate variants thereof; 

* (66) an operon comprising the sequence of SEQ ID NO:50, or degenerate 
20 variants thereof, wherein T is replaced by U; 

(67) nucleic acids complementary to (65) and (66); 

(68) fragments of (65), (66), and (67) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:49; 



25 



(69) an operon comprising the sequence of SEQ ID NO:53, as depicted in 
Fig. 18, or degenerate variants thereof; 
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(70) an operon comprising the sequence of SEQ ID NO: 53, or degenerate 
variants thereof, wherein T is replaced by U; 

(71) nucleic acids complementary to (69) and (70); 

(72) fragmCTts of (69), (70), and (71) that are at least 15 base pairs in 

5 length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:52; 

(73) an operon comprising the sequence of SEQ ID NO:56, as depicted in 
Fig. 19, or degenerate variants thereof; 

(74) an Gperon comprising the sequence of SEQ ID NO:56^ or degenerate 
10 variants thereof, wherein T is replaced by U; 

(75) nucleic acids complementary to (73) and (74); 

(76) fragments of (73), (74), and (75) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:55; 

15 (77) an operon comprising the sequence of SEQ ID NO:59, as depicted in 

Fig. 20, or degenerate variants thereof; 

(78) an operon comprising the sequence of SEQ ID NO:59, or degenerate 
variants thereof, wherem T is replaced by U; 

(79) nucleic acids complementary to (77) and (78); and 

20 (80) fragments of (77), (78), and (79) that are at least 15 base pairs in 

length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:58; 

(81) an operon comprising the sequence of SEQ ID NO:62, as depicted in 
Fig. 21, or degenerate variants thereof; 
25 (82) an operon comprising the sequence of SEQ ID NO:62, or degenerate 

variants thereof, wherein T is replaced by U; 

(83) nucleic acids complementary to (81) and (82); 
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(84) fragments of (81), (82), and (83) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID N0:61; 

(85) an operon comprising the sequence of SEQ ID NO:65; as depicted in 
5 Fig. 22, or degenerate variants thereof; 

(86) an operon comprising the sequence of SEQ ID NO:65, or degenerate 
variants thereof, wherein T is replaced by U; 

(87) nucleic acids complementary to (85) and (86); 

(88) fragments of (85), (86), and (87) that are at least 15 base pairs in 

10 length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:66; 

(89) an operon comprising the sequence of SEQ ID NO:68, as depicted in 
Fig. 23, or degenerate variants thereof; 

(90) an operon comprising the sequence of SEQ ID NO:68, or degenerate 
15 variants thereof, wherein T is replaced by U; 

(91) nucleic acids complementary to (89) and (90); and 

(92) fragments of (89), (90), and (91) that are at least 15 base pairs m 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:67. 

20 3. An isolated operon from Strq>tococcus comprising a nucleotide sequence 

that is at least 85% identical to a nucleotide sequence selected from the group 
consisting of 

SEQ ID N0:2; 
SEQ ID N0:5; 
25 SEQ ID N0:8; 

SEQIDN0:11; 
SEQ ID N0:14; 
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SEQ1DN0:17; 

SEQ ID NO:20; 

SEQ ID NO:23; 

SEQ ID NO:26; 
5 SEQ ID NO:29; 

SEQ ID NO:32; 

SEQ ID NO:35; 

SEQ ID NO:38; 

SEQ ID N0:41; 
IG SEQ ID NG:44; 

SEQ ID NO:47; 

SEQ ID NO:50; 

SEQ ID NO:53; 

SEQ ID NO:56; 
15 SEQ ID NO:59; 

SEQ ID NO:62; 

SEQ ID NO:65; and 

SEQ ID NO:68. 



4. An isolated nucleic acid molecule that is at least 15 base pairs in length 
20 and hybridizes undo: stringent conditions to a nucleotide sequoice selected from 
the group consisting of 

SEQ ID N0:2; 

SEQ ID N0:5; 

SEQ ID NO:8; 
25 SEQIDNOrll; 

SEQ ID NO: 14; 

SEQ ID N0:17; 

SEQ ID NO:20; 

SEQ ID NO:23; 



wo 99/33871 



PCT/US98/279I8 



-56- 

SEQ ID NO:26; 

SEQ ID NO:29; 

SEQ ID NO:32; 

SEQ ID NO:35; 
5 SEQ ID NO:38; 

SEQIDNO:41; 

SEQ ID NO:44; 

SEQ ID NO:47; 

SEQ ID NO:50; 
le SEQ ID NO:53; 

SEQ ID NO:56; 

SEQ ID NO:59; 

SEQ ID NO:62; 

SEQ ID NO:65; and 
15 SEQ ID NO:68. 

5. A vector comprising an operon of claim 1. 

6. A vector comprising a nucleic add molecule of claim 2. 

7. An expression vector comprising an operon of claim 1 op^ably linked 
to a nucleotide sequence regulatory element that controls expression of said operon. 

20 8. An expression vector comprising a nucleic acid molecule of claim 2, 

wherein said nucleic acid molecule is operably linked to a nucleotide sequence 
regulatory element that controls expression of said nucleic acid. 

9. A host cell comprising an exogenously introduced operon of claim 1. 
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10. A host cell comprising an exogenously introduced nucleic acid 
molecule of claim 2. 

11. A host cell of claim 9, wherein the cell is a yeast or bacterium. 

12. A host cell of claim 10, wherein the cell is a yeast or bacterium. 

5 13. A genetically engineered host cell comprising an operon of claim 1 

operably linked to a heterologous nucleotide sequence regulatory element that 
controls expression of the operon in the host cell. 

14. A host cell of claim 13, wherein the cell is a yeast or bacterium. 

15. A genetically engineered host cell comprising a nucleic acid molecule 
10 of claim 2 operably linked to a nucleotide sequence regulatory element that controls 

expression of the nucleic acid in the host cell. 

16. A host cell of claim 15, wherein the cell is a yeast or bacterium. 

17. An isolated operon comprising a nucleotide sequence encoding a 
polypeptide comprising an amino acid sequence selected from the group consisting 

15 of: 

the amino acid sequence of SEQ ID N0:1, as dq)icted in Fig. 1; 
the amino acid sequence of SEQ ID N0:4, as depicted in Fig, 2; 
the amino acid sequence of SEQ ID N0:7, as depicted in Fig. 3; 
the amino acid sequence of SEQ ID NO: 10, as depicted in Fig. 4; 
20 the amino acid sequence of SEQ ID NO: 13, as depicted in Fig. 5; 

the amino acid sequence of SEQ ID NO: 16, as depicted in Fig. 6; 
the amino acid sequence of SEQ ID NO: 19, as depicted in Fig. 7; 
the amino acid sequence of SEQ ID NO:22, as depicted in Fig. 8; 
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the amino acid sequence of SEQ ID NO:25, as depicted in Fig. 9; 

the amino acid sequence of SEQ ID NO:28, as depicted in Fig. 10; 

the amino acid sequence of SEQ ID N0:31, as depicted in Fig. 11; 

the amino acid sequence of SEQ ID NO:34, as depicted in Fig. 12; 
5 the amino acid sequence of SEQ ID NO:37, as depicted in Fig. 13; 

the amino acid sequence of SEQ ID NO:40, as depicted in Fig. 14; 

the amino acid sequence of SEQ ID NO:43, as depicted in Fig. 15; 

the amino acid sequence of SEQ ID NO:46, as depicted in Fig. 16; 

the amino acid sequence of SEQ ID NO:49, as depicted in Fig. 17; 
10 the amino acid sequence of SEQ ID N0:52, as depicted in Fig. 18; 

the amino acid sequence of SEQ ID NO:55, as depicted in Fig. 19; 

the amino acid sequence of SEQ ID NO:58, as depicted in Fig. 20; 

the amino acid sequence of SEQ ID NO:61, as depicted in Fig. 21; 

the ammo acid sequence of SEQ ID NO:64, as depicted in Fig. 22; and 
15 the amino acid sequence of SEQ ID NO:67, as depicted in Fig. 23. 

18. An isolated polypeptide mcoded by a nucleic acid located within an 
operon comprising a nucleic acid sequence selected from the group consisting of 
SEQ ID NO: 2. 5, 8, 11, 14, 17, 20, 23, 26, 29, 32, 35, 38, 41, 44, 47, 50, 53, 56, 
59, 62, 65, and 68. 

20 19. An isolated polypq>tide, said polypeptide being encoded by an operon 

of claim 1. 

20. An isolated polypeptide, said polypeptide being encoded by a nucleic 
acid molecule of claim 2. 

21. An isolated polypeptide, said polypeptide being encoded by an 
25 operon of claim 3. 
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22. A method for identifying an antibacterial agent, the method comprising: 

(a) contacting a test compound with a polypeptide, or a homolog of a 
polypeptide, encoded by a nucleic acid sequmce located within an operon 
comprising a GEP gene selected from the group consisting of gepl03, geplll9, 

5 gepll22, gepl315, gepl493, gepl507, geplSll, gepl518, gepl546, gepl551, 
gepl561, geplSSO, gepl713, gep222, gep2283, gep273, gep286, gep311, gep3262, 
gep3387, gep47, gep61, and gep76; and 

(b) detecting binding of the test compound to the polypeptide, wherein 
binding indicates that the test compound is an antibacterial agent. 

10 23. The method of claim 22, further comprising: 

(c) determining whether a test compound that binds to the polypeptide 
inhibits growth of bacteria, relative to growth of bacteria cultured in the absence of 
a test compound that binds to the polypeptide, wherein inhibition of growth 
indicates that the test compound is an antibacterial agent. 

15 24. The method of claim 22, wherein the polypeptide is selected from the 

group consisting of gepl03, gqplll9, gepll22, gepl315, gepl493, gepl507, 
geplSll, gepl518, gepl546, gepl551, gepl561, gepl580, gepl713. gep222, 
gep2283, gep273, gep286, gep311, gep3262, gep3387, gep47, gep61, and gep76. 

25. The method of claim 22, wherein the test compound is immobilized on 
20 a substrate, and binding of the test compound to (he polypeptide is detected as 

immobilization of the polypqjtide on the immobilized test compound. 

26. The method of claim 25, wherein immobilization of the polypeptide on 
the test compound is detected in an immunoassay with an antibody that specifically 
binds to the polypq)tide. 
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27. The method of claim 22, wherein the test compound is selected from 
the group consisting of polypeptides and small molecules. 



28. The method of claim 22, wherein: 

(a) the polypeptide is provided as a fusion protein comprising the 

5 polypeptide fused to (i) a transcription activation domain of a transcription factor or 
(ii) a DNA-binding domain of a transcription factor; and 

(b) the test compound is a polypeptide that is provided as a fusion protein 
comprising the test polypeptide fused to (i) a transcription activation domain of a 
transcription factor or (ii) a DNA.-binding domain of a transcription factor^ to 

10 interact with the fusion protein; and 

(c) binding of the test compound to the polypeptide is detected as 
reconstitution of a transcription factor. 

29. An antibody that specifically binds to a GEP polypeptide of claim 19. 

30. An antibody of claim 29, wherein the antibody is a monoclonal 
IS antibody. 



31. A method for identifying an antibacterial agent, the method comprising: 

(a) contacting a polypeptide encoded by a nucleic acid located within an 
op^n comprising a GEP gene with a test compound; 

(b) detecting a decrease in function of the polypeptide contacted with the 
20 test compound; and 

(c) determining whether a test compound that decreases function of a 
contacted polypeptide inhibits growth of bacteria, relative to growth of bacteria 
cultured in the absence of a test compound that decreases function of a contacted 
polypeptide, wherein inhibition of growth indicates that the test compound is an 

25 antibacterial agmt. 
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32. The method of claim 31, wherein the polypeptide is selected from the 
group consisting of gepl03, geplll9, gepll22, gepl315, gepl493, gepl507, 
geplSll, gepl518, gepl546, gepl551, gepl561. geplSSO, gepl713, gep222, 
gep2283, gep273, gep286, gep311, gep3262, gep3387, gep47. gep61, and gep76. 

5 33. The method of claim 31, wherein the test compound is selected from 

the group consisting of polypeptides and small molecules. 

34. A method for identifying an antibacterial agent, the method comprising: 

(a) contacting a nucleic acid compnsing an opcron containing a gene 
encoding a GEP polypeptide with a test compound, wherein the GEP polypeptide is 

10 selected from the group consisting of gepl03, gepl 1 19, gepl 122, gepl315, 
gepl493, gepl507, geplSll, gepl518, gepl546, gepl551, gepl561, gepl580, 
gepl713, gep222, gep2283, gep273, gep286, gep311, gep3262, gep3387, gep47, 
gep6U and gep76; and 

(b) detecting binding of the test compound to the nucleic acid, wherein 
IS binding indicates that the test compound is an antibacterial agent. 

35. The method of claim 34, further comprising: 

(c) determining whether a test compound that binds to the nucleic acid 
inhibits growth of bacteria, relative to growth of bacteria cultured in the absence of 
the test compound that binds to the nucleic acid, wherein inhibition of growth 

20 indicates that the test compound is an antibacterial agent. 

36. The method of claim 34, wherein the test compound is selected from 
the group consisting of polypeptides and small molecules. 

37. An isolated nucleic acid or an allelic variant thereof encoding: 

a gepl 493 polypeptide comprising the amino acid sequence of SEQ ID 
25 NO: 13, as depicted in Fig. 5; 
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a geplSO? polypeptide comprising the amino acid sequence of SEQ ID 
NO: 16, as depicted in Fig. 6; 

a geplS46 polypeptide comprising the amino acid sequence of SEQ ID 
NO:25, as depicted in Fig. 9; 
5 a gep273 polypeptide comprising the amino acid sequence of SEQ ED 

NO:46, as depicted in Fig. 16; 

a gep286 polypeptide comprising the amino acid sequence of SEQ ID 
NO:49, as depicted in Fig. 17; or 

a gep76 polypeptide comprising the amino acid sequence of SEQ ID NO:67, 
10 as depicted in Fig. 23. 

38. An isolated nucleic acid comprising a sequence selected from the group 
consisting of: 

(1) SEQ ID NO: 14, as depicted in Fig. 5, or degenerate variants thereof; 

(2) SEQ ID NO: 14, or degenerate variants thereof, wherein T is replaced by 

15 U; 

(3) nucleic acids complementary to (1) and (2); 

(4) fragments of (1), (2), and (3) that are at least 15 base pairs in length and 
which hybridize under stringent conditions to genomic DNA encoding the 
polypeptide of SEQ ID NO: 13; 

20 (5) SEQ ID NO: 17, as depicted in Fig. 6, or degenerate variants thereof; 

(6) SEQ ID NO: 17, or degenerate variants thereof, wherein T is replaced by 

U; 

(7) nucleic acids complementary to (5) and (6); 

(8) fragments of (5), (6), and (7) that are at least 15 base pairs in length and 
25 which hybridize under stringent conditions to genomic DNA encoding the 

polypeptide of SEQ ID N0:16; 

(9) SEQ ID NO:26, as depicted in Fig. 9, or degenerate variants thereof; 

(10) SEQ ID NO:26, or degenerate variants thereof, wherein T is replaced 

byU; 
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(11) nucleic acids complementary to (9) and (10); 

(12) fragments of (9). (10), and (11) that are at least IS base pairs in length 
and which hybridize under stringent conditions to genomic DNA encoding the 
polypeptide of SEQ ID NO:25; 

5 (13) SEQ ID NO:47, as depicted in Fig. 16, or degenerate variants thereof; 

(14) SEQ ID NO:47, or degenerate variants thereof,, wherein T is replaced 

byU; 

(15) nucleic acids complementary to (13) and (14); 

(16) fragments of (13), (14), and (15) that are at least 15 base pairs in 

10 length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:46; 

(17) SEQ ID NO:50, as depicted in Fig. 17, or degenerate variants thereof; 

(18) SEQ ID NO:50, or degenerate variants thereof, wherein T is replaced 

byU; 

15 (19) nucleic acids complementary to (i) and (j); 

(20) fragments of (i), 0)> ^ ™ length 
and which hybridize under stringent conditions to genomic DNA encoding the 
polypeptide of SEQ ID NO:49; 

(21) SEQ ID NO:68, as depicted in Fig. 23, or degenerate variants thereof; 
20 (22) SEQ ID NO:68, or degenerate variants thereof, wherein T is replaced 

byU; 

(23) nucleic acids complementary to (21) and (22); and 

(24) fragments of (21), (22), and (23) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 

25 the polypeptide of SEQ ID NO:67. 

39. A method for identifying an antibacterial agent, the method comprising: 
(a) contacting a test compound with a polypeptide, or a homolog of a 

polypeptide, encoded by a nucleic acid sequence located within an operon 

comprising a B-yneS gent; and 
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(b) detecting binding of the test compound to the polypeptide, wherein 
binding indicates that the test compound is an antibacterial agent. 

40. The method of claim 39, further comprising: 

(c) determining whether a test compound that binds to the polypeptide 

5 inhibits growth of bacteria, relative to growth of bacteria cultured in the absence of 
a test compound that binds to the polypeptide, wherein inhibition of growth 
indicates that the test compound is an antibacterial agent. 
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(SED ID NO* 7\ 1 TCCTCXTTTrTCC»fflUUlOTTTXTrJUaMIATiUUUW»^ ILLAi I iuA TA i U i in ICIA TAAAATACJiTAAAXATCCTAaUTA IDA 

WW. Ay AOBKTAJUUUI H, t U U 1 U UUCTJUiTCTCTATTTTCTatf Ai 1 . . 1 . M A J^CTIUUMH^A T lMyuUt O IUCfc T ATTTTATCTATTrTTACCATPTTAT 

(SEQ ID KO: 3) 

TATTTMCXOaiTTAXTCLIACICTAAILlAl I lATAAATTTTCATMKUClTAATM*! ItJULASCATCTCACCCn riCCTrCATOBTCTAl 1 ilAATCT 
(SEQ XDNO:i)l MALDKYLKVSRXtKStTVAKSVAOlieft 37 

201 ATCMOCTTAATQgA AICi IU.LU UUUi C TTCIUUXaSACTTCMUWTTAAT<aiCCAAaTTCAAA lAU,Ll 1 lU CeAATAA Cl ILLlULi juiA fcAACTAC 100 
TJ>CTTCClU^TTACCT TMa i» U.U«| j j ItA A Ul IUU.IG AACTTrCAATrA Lm.1 lLIU CTT T IUU3 a aUU>CCCTTATTCAACC»COAACATrTTatlC 

ZSXKVHCXLAKSSTDLKVMDOVBSRPQMKLLLVKVL CI 

ATCTCTACTTTCiATC A I C TTl 11 1 HjnClACmCGICCl lA CATACTTTAATAgTCfc Cirigf OCCC Al CTT CH I l ACfcC A T l 1 1 lA TAACAX OI XA 
(3 EHROSTKKEDAAOMVCXXSKTSVIKIiV* 
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r<;Fn in S) ^ ClUU ilCU;i t iLU UI>TCTCIfceTCr«TOfcTCM«CTrTAtCiU UJUtILl lUCUUrtXI lLU U»CCTCIW6>Cl T >CI>C CiUUfc Tn >fcl> B » nC »UUacC>CC 

(SGQ ID RO: 6) 



(SEQ ID. MO: 4) i 



NKRTWIIII8PTTIILIITPPNI 19 



20 1 Tlt8CaumiTTCIIBATrCBC3U lALLIM.U.l 1 1 AJ tCCCCCIKIOCCT0CCQnr C»CC»»C t C* MX i A ia;i A eeKre C CMMO> C C TCCCl>CCTOC>CT JOO 
A»CCCrrrXTAACTCrA>OBaT>CCICTC C CMUU> T CCC» A A iLiiju»cccro»ceiBii 

30 GMXCZtllllT VLAPNAGVTNSAPKTXAXBLGAGL 52 

)01 tXA IUIA ATCGAA AiliC,IC ' iLItJ >CAACOCAATCeAATAC I UtCA*CBa^^ ICA TATCCAT CACOCOGAAAAC eCT C rCT C I A TC 400 

OCAACATTACCTT T AC a U»C M.AUA ALLLi AA OOTT AIUI AUA AUCA A 1 A A AW OACCTATACCAAarATAC CAALAUXUCA If TC WB A C IIfiMlA T AC 

91 VVHENVSOKCXOyNNBKTLBMLHtOCGKIiPVSX BS 

«D1 CXA Ll i 1 i ll^l itfXXUTCJUU;xCXCCCTJUK3UXCCa> CCM; >> I li^lCU U^ C^AAACACCAACACO CATATaryOCATATOUtfaTC CCC l C CCCT tt SOO 
CT T (UAAAAC C ATCCCTA LlAL:UlLUJ^lLbAGax;UILUILAlA ACTA U>ilCUaiUiU*AILiU*C TATACC^^ 

•ftOLPGSDEDSLARAACFXOSIITKTOtVDIllMCCPV 119 

501 TCIU^CIUUU^TCCTGIU tf ;JU CT AXCCT<»ACCr»TC^ 1 CI U 1 LLi i U ATATCCC SOO 

A Ui AUI i A iA CCA Ll IH AU.I i CSACCTCCATACACaWCTTCCTACGACTCTTCTACATCACATACTACTTeTT 

120 IIICXVKMCACAHlfLXDPOKXrSXXNICVOSVLOKP 153 



ftOl ACTTACTCT CAAAAT CCCTACCCCCT POCCCCACCC A l C li: I CC C A CTACAWTCCC C ' ! LULIUL A ia WCC T CCAC U mi A ALAUCC C I UXCA TCCAT 700 
TgAAT G ACAfcrrV!ACCCAT0CCeCACCCCCCrCCCTACA8A<lCflICA'CX ! 'IABB<MiAC C SA C CA>JIC>l ^ i^l<LC»i C AAACA C OCCACCCaTAOBirA 

IS) LTVRMRTCWADPSLAVCNALAAEAAOVSALAtttI 185 



701 G GCCUi ACCC Cm AACAAATCTATACTCCCC»CCC>CACCrrCACA C C C: : lA CAA lXi *>XLC AACCTCTAACCAACATTCCATTCATCCCCAAOCCTC 000 
CCCCCATOCCCA L> AO. t AA CATATCAC LWVlQX TCT CC AACTCTCGQUUlTCTrCCAAC GGG I i C G AC AAAU*. A CrAAOCTAACTA C» C U.lIUXA C 

letCRTReONYTCHABLCTLYXVAOALTKI PFXANCO 219 

80] ATATCCCTXCTCTCCAACAACCCiUUICXi^CCATCCAAC AA C t I CG I G CT C ACCCACTCXTCATTCCgCCXCCTCCCATCGGAIUi i Ct i I A LL i L 1 i LA X 900 

tatacccatx;acac o . i l. ilco- .ll > :u 3crA OL ; i l : : la accaccact c c g t ca ctactaaccccciccacccta llh 1 1 accaatccacaa c tt 

330 : RTVQEAXOR tCCVCADAVH I CRAAMCMPTUFN 353 

90 : CCAAATCAACCATTArrTTCAAACACCA C AAATCCTACCTCArrTCACrr^^ 1000 
CCIU A U, lU«. AATCAAA Li».U«^w.>. l]A CCATCCACTAAACTGCAAA L:iLIUil C7A LilLiA CCCCATC L,lUIlJ U^ LIilU.AA A 

3Si 0:NHYFCTCElt.PDLTFEOKNKXAyEMLKRtIll 395 



3a« UKCEKVAVRCFPGLAPHTLUCTSCAAXLIICAXSO 



1100 
119 



: : 3 : AACCTACa^CCC r AGCACACATTCAAC CCJXr: tUC AATn»ACAA«:CTTAATAinTTAAAACCagTAACt CT l AAACA OlClCI ICJ i ATtt CC CCO ^ 13 00 
TTCGATCCTOCCATCCrCTCTAACrreCCCACAACCTTAA C J :c r T CJa AATTATCAAATrTTCOGCATIttACACAATTTCTCACACAACTTAOBGCCCT 

130AS71AE:CA;.L0LCXA« lift 
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fQVn Tn NO- ^ »»OCCT CB ftBCtOCIU Ui I i ILtHCA T Ai I i . i iU UTKOrTTATTAfiCTACItfgTTClicOUCTTC*^^ >^.L. ILIA iba 

(SEQ ID NO: 9) 

101 TMnACATTTreMATCCCnTTTGACCTJURTrCItU^ ... 

»TCfcTCrJuuucTrrMSBMuuuuuToaATauuo>CTCi M;i 

201 CTOACCAtcjiTTAATCCIU ZriAICi iH 1 iJ UaiTTiU»UTiUCrT C i>aUU UJfclUl 1 1 1 iH TOUTOTCOr A* . i a i ICfc CfcTATTCTCTCACTTCr Ida 
aACtOOTAgTAATTACgtOU T ABAACAAATTCTA AILUi lAI lUA A LIH I lULI A CMUUmTACTTAlACCATAAAAAACTCTATAAgACACICAOCA 

301 TTTTCA OiGLaiCL: 1 lA MOOArAtiCrtXJfkCMCaCCAGATTrr^ I lumi ILLiLl lU^I lA 400 

AAAAgrCAC e CAmAAArrriCTATTrArrAiric c et a iTr-TAAeAATegTA i II I 1 1 ; |i */^ArTTJVgAgAA Mm Pi\Tmftfaftim'TV>W 

401 TCA LUIlAlClLILU ATAACA T AftAA CC AACAA * ILiAlU lOiUlfaA TATA UJH 1 ll*lLU.U iTTATaUCCrceATd«5ATACA <;ii.i i 1 H i iLi I SOO 
ACTCCAATACACA CC T A ll u i Ai I ivix. H.1 lA xeuk T t r .kkr mrm m mkMr^ivm r^'Tmn^ 

SOI TTCMim 1 1 lUlUATTTTCATAiaTCTATTATAACTCAAWfcTCnaATAAOATAOOCCTATCAATCTGAAJCT COO 
AACTTCAA A ACACTAAAACTATCCAOATAATATTCAinTTTACACTATTCTATCCCCATAeTTAC AL 1 i lU^Li i . Ul 1 11 1 iA TCCTAATTrrTACrTC 

(SEQ ID NO: 7) 1 n ■> l k v x o k i r i. x i k k 

«C2 eCe^T^^^TTAACCCTCfcGgSAATCCSgTrrrACCAAiUUUtf^ 1 lUIA cdioCACCTCTaUUgCC C AACATATCrATTCT^^ 700 

CCfa'ACCCTTAATTCCCA :,:^::.. lA CCgCAAAATC C ' .V; r rii:iA ATCACAAA CA n » TCCTC O ACA GIITCCU::iClA TACATAACIUnrrAAiqAA 

ISBMCXMCECIcrrOXTLVrvPCALICCCDXrCOITS 41 

"^02 CrATTACAeCCAA C. I iOI iu AACCAAAATTACTCAACCTCAACAACAACTCrAAATTTCCA A; ia i AUl ACIAI 1 iA TAATCAATCCCCJIOC 100 

CATA AICICCC l lUA AACAA U; itUi il lA ATCACrTC CAei TCTTCTT CA CATTTAAACCrTAACACOCTACAACATOTAAATATTAOT 

*» IRRNFVCAKLLKVHKKSKFIIVPSCTiyNCCCG •! 

851 gr CCgAAA TCAT CCAC CrSCATTATCATAACCAegTCCACTTCAACACCCACTTAC^^ . lUwILLZU CACCATATCAAAAT »oo 

CAwU«l > lACTAOgrcaACSTAATACTATTCCT C C U eCTCAA Cl iLILLLlU UiTIWtfTACrrCCCCA Ll ; 1 . ; l AAACCACCACCTCCTATACnTTA 

a: COIKNLHYDKOLePKTDLLHOALKKFAPAGyc'll 114 

90 : TATCAAATTCCTCCAACTATTOAATCCACCAACCAAAAT^ ,pQP 
ATACn T AACCACCTTCATAACCTTACCTC L. »Uw. » I lA TA A T C V C ' iL I ^ ^TTCAATCTTAAACTCIWICrrTTAAATTrrrACTCCIICT^^ 

;:iTCl»PT XCMOCPr.YVRAKLOFCTIIKFEllOVICACL l«t 

lO;: TATATCCACAAAyrrCT»CTATTTACTACACTTCAAACACT C CCT CC f A CAACATIt AOOAAACCCAAOTCATTCCTAAraCTTACCACAATrACTTAC HOD 
ATATACCTSTTTTCACACTOATAAATCATCTCAACTrTCTO^^ f CL 1 1 XU^t^r iC ACTAACCATTAOaUATCCTOTAATOSTC 

l«» YAONSMVLVCLKOCLVODKCTOVIAWRLAILLT Itl 

TI?^SS^IT ^? ^T5'^F?^? °*^'*^**^*°^ ^** '^ " ^ ' * ^"*TTATCCTCCCACCCCCCACAAACACC«;ACACCTTau^ 1200 
AATACtCCTCTAACCTTACTCCCTA LU.H . : iLA ACATCCfcCACCCATCATAATACCACCCTCCSCS ClL. WLIU^ CTI IICU ^ACTCTAATAATAA 

1S2 tHOlPITOeRKVLCVPTIHVUIIAllltTCOVOIl: 214 
^TCrrrGCCCCTCCAATTAAATTCACTTAACCArrrrCTCAACCAATTTCT 



i:SV7W»0LKLT0LVKELV|tOFPCVVTVAVHTllTAICT 34t 
CCTCACTCTATATACCAC: . . :Cm: r iC7AATACAe LL:.U;. : J^t lU ^TAACTTCrTCaMaTCACTTAATACrrAJUUtcmT^f^^ 
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349 SCIYCtKTBtXMCOKSXOSGVbliyCrSLSPftAF 



ClUICCTreCnUiCCrAMCCCiUU UJU H AL. H LAU U tUIUi WTCTCC^TACCTATWAAOCnCTTCWTAfcCTTCTW C r iaXl I iM Xurm 
31SVCTXGPAPAKKVKTI.BCMDZ XFSAtKDAKSIIAKII )4» 



CTT31CCCTAAJ M. T I; F T A TCWTAATACTTCCA LU 1 1 W.Lm L M L i L l» »TAJ 



T ACCCA CC mU T Ci.mU A llUUU A 

AlGl ICCI'IUJUATCCCTOCTCTACGAJkACTAACigiCT 



i*9 NGPeilTRYBAGTABBZ IPRWYKBOYBADALtVD 



1700 
101 



1701 CCCACClWgTACACCTCTCCATCATAACTTATTACATA C T A rr CI I A C7TATqTAC»CAAAAAA lU» 1 1 1 A T Al 1 IL i iUl AAiL 1 i 1 LU A CL i lU»t 1 1000 
COCTOCTCCATCTCCACACCTACTATTCAATAATCTATCATAACAATCAATAC fclU.lL: ; lU lA CCAAATATAAACAACA T TACfcAACCTCOAACOCA 

)82 PPRTCLDOXLLDTZLTYVPCRMVYXBCNVfiTLA 414 

1001 CCTCATrrCCTACCCrTACTAiaUCTCTATCATCrTCATTATATCCA Gt CM TC C ATATCTTCCCAaiTACACCTCBAACTOAACCTCTTeTAAAATTAA 1900 
CCACTAAACCATCCeAATCATCrTCACATACrACAAgTAATATAOCTCACeefcCCrATACAACOCTCTATCTCCfcCCTTeACTTe C ACAACATTTTAATr 

415RDLVRLVEVy3LliYI0SVDnFPHTARTBAVVKlZ 440 



1 90 : T AACAAAAC77TA»AAAAGTACTTCACAAAC7rr<aUJUU;ACTCTATAATAGTAACACrrGAAAATiUU>A(^^ lU CTCfcACGCCTTAACAC 
Ai lU; . : I CfcAA I 1 t H CATCAA w lU l : : CAAA L . . : . L iC ACATATTATtATTCrCAA L : : i 1 A A lUI tU ACTCCAIICCAACa U. 1 1 LwLLA ATT C Z G 



3000 
4S3 



3oo; 



. : iL ACecCCCTAACACCCCrrCCAATCrCCTACCCACTATCCT Atai II. CC & ; T CC AACACTTCATCAAAAACTTTA 2004 
TCCCCAAAA GlGC C C CCATTCTCCCCAACCTTACSSCATCCCTCATACCATACAACCCCAA Lt,. lUiC AACTA CM 1 1 lU AAAT 
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(SEQ ID NO: u) » 
(SEQ ID NO: 12) 



HI I lAILUA COUU il ULLHU UUlTTaCCrHOrJWCICTUC CLIUi I IUIitt.lUM,l fc<UUUaiC C CTWTTaUUTfCMi 
AT*Ai>>TACIUfcTCCT7TAJU>OO0*CTrr*»TCWTaiTC0T* ro 1 1 1 lUH- OaiTAAACTTTMCrC 



iOl TTTaU»CaTCniCaiTQGIUUUUlTCTCTTATA*TAATI 



(SEQ ID NO:iO) ^ 



ATCCfcauy B A T TTTRTr»<tTJ>CJUICKTC»TCM OIlAI lUimU fc IQO 
TJ UJUIUi ILU UUmTJU il lAIC TT tiXA CTi^CTCOCTimoOlOn' 

NaKXbLtBDDOVXftQ IS 



201 egCW T OQOlUUUiT CCICT C ' ltiJ UT OOCCy^^ I lUI IC HOTC JBaU CC ltAltlM. 10ft 

CTClimCLX.'n riJ>OGJUiA C fcCrTACCCCT3UUttnTCfcCC>O0fc<XfcIU'WCIttA^TMJC'l lt!AAAAww<flfc T AAftCM C TCM«CCX mjm rJ fcB>C C 

14OX0KNLSIUOPXVVLVBOrNtVL6LrV0SE»BLV «» 

so LNOICLPLFUCrHWCOBXftKlSRVPtMPLSSRD » 

«01 COkCCCTATCCXTAnCT CA TCgCAATCfcATATCGGGCCCaATCA L. 1 >i,m XCCim CCCI T7T C JiCC»CC3 ^A«i ILl i i iA CCrA MA.i iUWA»U.HU SOD 
<arrCCa»TACCTATiUO>GTACCCTTACTTATACCCCt C CCT A CTCAAXCfc Li U> 1 1 CU. iUUU U.Ttm CU I CCJ UUMUUU^TCCUTTCaaCTCCaaUtC 

•1 0AMDXVNAIIIMCADDrVTK»PD00VLt.AKV06L 119 

S0£ I iU^ltUl iH.iA TCA fcH ' lUU*wv.i CXTC«:» L;; l 1U : IGU AAT AIUHU>AU1 IA TCCTOU^TACXAAATCCAT<X:ATTTACATTAT r »»COOOUO €00 
AAC C CAOCAACCATACTOUU^CCCCCACTACTrTCAAAC C A CC rrATAOaACCAaU^TAOaAOTTATCCl^ AC 

lISLItltSYEPSRDESl.LEyACVXLNTXSMDLHY0OOV 1«» 

CO: 7CTTCAATTTCA C CAACAAixaArroCACATT77A IJUCU*U> lA. I IC ACeATCCACGCIU^CATCCTACCACCTCACeACeTCATCCCCS^^ TOO 
ACAACffAAA CIIiUllC>I ACrrAACSTCrAAAATCCCCACAATAAACnrSTA CUICCUIIUlA CeATCCT GCA CT CCIU^ ^ 

ISO LliLTSNEFC:LIIVLFEiiAG«XVARDOLHRB].WM IM 

to: CACTCA Cl.i:iUlIIU iTCATAATA CCCICIL.C; CAA lUlU*ClCU..lU.UiA AAAACTTCGACCACC^^ 000 
CTCACTCAAAAACTAACTACTA7TA7SCC»CA«;ACAC7TACACCCAGCAAACCCArrrTtCAA CCrC^ ^ 

lai SOPPXDDKTLSVttVARLRKKLEEOCLVCPIETR 21S 



8 0 : AAACCAATACCGTACCCATTCAACC*TCC77CAT7aS»AACAA L iA CCCTA?< 

rrrCCTrATCaJlTCCCTAACrrCSTACCAACTAA C^: : tU; ; AAAAAACATqOCA T ACAOC C CACCSCAT( 

2I6KCICYCLKKA* 



TATCTATCTCCTTTCTTTC 
ATACATAI 



too 

23C 



90 i CCATTTCTT6TCTTACT7TT7CAC7T7TTATT7CCCACTCTACSAAT 

CC7AAACAACM»ATI»CAAACTCAAAAATAAACCCTCACA7CC7TAAATCAAC0AOA T I 



TAACCATCTTATTTTTCA 
ATTGGTACAATAAIUUkCT 
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aiTrTTAOOTAAOIUUUglCCTATOCClUl LL i 1 1 Ul O lTTCfcCriTTTCfcWCAACCCrACCIkAeOCTO too 



101 CTTCaai TOilinLlllciA CM UiUiiIlULUtIU^iCUlUUJU,I lljm^ »o 

j4fcPixr»tocvs»LxroiLAVicBTrpxrAcrKoc €7 

«t KJkVATSACVXPOPAPtrCLYt.AlXPrOL8TL6S iOO 



joi T Ait^iwuuji ' G i t.iAa i uiCA caocKmatTCc aiU.iiiiiA J44 

AT>CTiUUUnCACJ>CATCACa UIUIUilJ >CCI1UM0C a 8fcCM T 
101 HISLSSVTASIAAV U« 
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(SEQ ID NO: 17) i ^^l^i^^JS^S^^ 

eSEQ ID M0:18) --s,.iii*i.st«ox«vl«iiffiltqttv at 

(SEQ IB 110:16) * h « s i « l ■ * i. 

■ , „ ■, ■ . „ • , I n ii( in>i.rrr, » n>rTi M 1 1 ii .i i m i n i i i i. i 1 1 1 1 ■ ^P"^"^^"'^"V"^^ftrTft aoo 



„ C L R * I s « V « o - « « o «. » . T r s S L r T L C X A C T « L r « 
« T * V T I L A t p L r r T p « P I V « K V T t V H c X 0 I. I A o X r ia» 

1)0 SIEMVIIEALEIITSPSrTKl !«• 



wo 99/33871 



8 / 30 



PCTAJS98/279I8 



Fig. t 



1 agreBicATnMcepTQKtaahTTraiCTt K TGT i Jin Ai 1 1 » T A T GC JiCMOcrcBtc*cciic» o cMic»itTUT>TcrrtTcr(a^ ^ 

'TAOyuucMrrccTOuciUTjnar 



.SEQ ID NO. ^V) cakGCBrJUUaaBatfTACCnUUOTOCAT&ClkTTACTMAMTJ 

(SEQ ID MO: 21) 



101 OCaaCTACCCAT W ;AP'iTTC/\AiVIUVAtnT^ 



:5£Q ID NO: 19 ) i 



NQXQKSrKCOSPTCKLYlVATPICMtDDNT 



aoo 

20 



301 1 1 lUiiU.IAlCa >C)iCCTTCIMUlCIU>C T C6AeT0Ci il IUCiUn« U»TM3CCe»ATfcC»U;<^CI I i ICCl CAACCKT TTT CXeA Trr C C ft C ttACC 
JUUOCTaWr*COrCtCCIU U.l l in lUfc CCTC*CCTJUeC» C S»L T tXIAl OaX C™TCTCC CQ »AAJU»A C TT^ lU, 

SlPllAIOTLKCVDl'tAJkBOTRIITCt.LLXRPDISTKO 



301 iuaiTaurrrrrc>TCAcatfAAT ca uuic G >ft)»>^ MT TCcycAT^^ 



401 COCTACCATTTCItCA CLC l GGT CA TCATTTAC7TAAGCaw ; L' l * 1 1 U « » JUCJUUi T TCaun"r(nCfcCT O T r C C Wagr*CCTCTCCfcCC* AT ^ 900 
9t PSXSDPCBDLVKAAXtBCXAVVTVPCTSAGZSA ISO 



SCI TTCATXCe iUiiUtl 1 1 A CCCCCACACCaiCATATCrTTTA LUm III I i AU-U ^ C AAAAT 
AACTAACCCTCACCAAAT 



M 1 n nuiCTcnuuuuumikTT 

T AAAAA AC OBAC AI I III ItllA A 



l)It.:ASCI.APOPHX FrCFLPftKSCOOKOFFGSXKDr IM 

(01 ATCCTCAAACAOUMITTTTTTATCAATCACCTCXTCSTCTACCA^^ lU. . . IU.iLAG TOO 

TJ^CGA L i X I GIG T C I A AAIUUCTACTTACT5gACTACCACAT LU;u;Ui CC»ACCrrrrA7ACM.TCrrC^ 

l&S PETOiryESPHRVAOTLSNnLSVYCOIISVVLVa IPt 



75 1 CSAATTCACXAAAATCTATCAJtf;AATACCAJUU;ACK : 7AaU^77?CrS^ ICiU ATT 
CCTTAA L iU.: U I A CATACTTCTTATCCrr7C7CCXTCTTAA*CAC77AACCAC f; 1 1 CUiA CAgACrrTCCXCAGAC T TCCOlCTTACACAAC» C rAA 



xirccvoRC 



CStSETSLKCECLLI 



■00 

330 



BC: STTCfcaCCTCCWaUUUXmCTC C jWCA A AACCftTCACPkACA Cl >U* .ti t ASKAATCCMCCCCCTATCCA CCAAC CCATCAA CAAAAA TC^CTA 
ClkACTTCCA tU.lLC r W CCACA C L IL L: . . .^ L. A CT C LT :c; U UU:AACAA7gTTritfaCTTCGTCCATA U^ ILa.i X L.lL. : . . .A CTTCCAT 

33ivccaskgvcekdcedlfle:oakiooghkkhoa: 



3«4 



90 : TTAACOAAATACCTAACATTrACCACTCGAATAACACTCAAeTCrACCgTCCgTACCACCACTCOC^I^^ 1000 
AATTCrrrrATCCATTCTAAATCGTCACSTrATrCYCACrrGACATCCCACCC A TC C T C CTCA LLL. IL^ i i UUI I Al i ILLLlLiUlCLlA CATTATT 

3CS KCIAKXYOHNKSCLYAAYHDWEEXO* 190 
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(SEQ ID HO:24) xmwm««m» 

101 mJiTTraWV L V ' 1 lAlJI-ill.llJ,lA Tmik«uaiTTr»TSCIlTAJUUUU^TATmUUUUUlT^^ a 00 . 

(SEQ ID NO: 22) 1 h o « . t . k i s o o l c v t l . o i d t ,i 

»«» cTTCTiuM:mtac»ccraLi^^ iai luluuu 1 1 »tcccmoc»^twct^ loo 

MVLSLTAECATIPri»»T»KOMTCSL0»VAX«*X I SS 

)« TrCXTTTOeATjUUU^CtCTOItfaUUTCTdUTa^ *" 

5C DLDKSLTVLHOIIBBAVLAKXOSOOKLTKELtlX »• 

401 T AILI l*UlIuLU*A AAAATTACO>CACCfrCMCAACTCr AIUlLCl lA TAXOCAAA A M,UIUilACCAWICeAA«^*tiiwJTCAACCTC«CrC SOO 
KtMMO MJUiLl 1 1 i l AATCgTCTBCIUtfrTCrTCKCATAOMOOAATAT 



99 XLVABKLADVtELYLPrREItRBTKATXAEIAOL 

SOI 1 aLUC; lUCl LUi i. O AfrTTOCMMUTATACrTCAcfrA I» C AAAC ^ 

AAACGACAA C GACCAA^CTAAAACCTCTTATATCAACICA AXLALl . .Li tU CACrTTTC fc »6C»CACfc>.i i^4A 



121 




fflK:CAnrrtftACTATAAAACXACrrTPKftftT^<y^'y^^*g^^ t-^* ilaccacicicicacatttcactcaaoct 

ISft CAVDXLVEALSEOVTLRSHTTOtVLlllSELTSO 

701 ACnrWMKaTCAAA C; l C r l C ^TOAAAACg^ ^ ^ T TT r I O tf^TTTATTATS ATTTTTCACA CACy nT CCAAC TAT OCAMjCC TATOC T AwC l * iJ|« C rCTC BOO 
TCOCTTCCrAeTTTCACAACrA H I i U^.C CAAAAACTCTAAATAATACTAAAAACTC7gTC7CAACCrrCATAu^>t ii>.^i,AT»CCATCCAACCOCAC 

109 fcROESLOEBOVrOIirt OrSETVCTMOCyBTLAL 231 
60 1 JVATCgTCCCCACfcAA H iU».(»:L« lU UtCA .LU^: 1 1 ;U AACAT CCCACCS^C CCTATrrr 

TTACCAC L : c : : vc AAccACACAAcrreTAcccAAAA c rrcTAtuL X jeroo - 

IJJIIHCERVCVLICICfEHATaBI'-AFFATBPKVKIIAr ISS 

*7ATTCATCAA C 1 1 CA CCIUlTCCCrrAACAAAAA U* 1 C . i U.^ ICr T A TTCAUCL? I CGI ATTC CCACA0AAT TAACT C»OAA*CCTCAM»CCCACC 1000 
TATA»CT*CTTau^CAACTCC7TACCC» Ar IL:, ! . >C CACAACCCACCATAJ^TCCC»CCATAAC LLIUtLl IA ATT6ACICI ilLUALllClCCCrOC 

2S4 :OEVVOOSVKRRVLPAXERBtRTELTBEAEECA 200 

:051 TATCaUi Lll : . l >LlU Aa U TCT C C CCA AT L:LL.LI i Ui! IUL1CCA CTCMACCCOCCU.U.1 ILIIUiATTTCACCCyiCCI ! iLUlACAOCTCCC 1100 
ATAOCTTCAiUUUU^C»CTCTTACAa;CCrrJtfACCACAACaU^CCA« I > ILCCCCCCACCAAOAACCTAAACTCCCTCCCAAACCATCTCCACOC 

219 :gLrSCMl»IIML:.UVAPLKCRVVLCPDPArRTGA J2X 

: : S : AACTTAB L;U.CUlUM ^7C » AAeA(aaMUUUSTCCTaACAACTC MiU. lAl . lAiCC r Cl : AAAC CTCCATCTtX'ICUI LfcXA T 
TTOATOCACACCA C CTA CH AUl LC. . i I l ACBAgtCTTOCTCeAATAAATACCACfcATl 




12:: ArrrACCMUTTTAATTCCTCAATACSCTCrAfUCATTATTCCCArrCCM 1100 
TAAATCGTCTAAATTAACCAtrrTATCCCACATCrCTAATAACGCTAACCTrrACCTTO 

m LASi:CCyCVC:XAXCM6TASBKSBAPVACVLX If 
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10/30 



1301 J^TTTCCCTGMOTCKCCTK-reTTATCCTTAAT 
TCTiUUWOOGACTTCMrrCCXTAOUiTACCAATTA 



T Xf IClCC>a CC C JU » . l I t;LH.G;LA CCA Ui I lUJ fcCACTTCfc CCC. . 1«00 

ATJucAC O c iULU it M m xnrfcffTCCTauuc c TcrcJUCTCccjuk 



J«» OrPSVSTVXVMSSCASVTSASSLAROSPPDLTV 431 

1401 QI U UUUC gC TCTOeCI H I lUAimLLUiltUl I I CCIUC fc t CCILt I WaCM t TOBTCfcWTTOTOCT*^^ ISOO 

4aaBKii«*isiAR«i.0i>»t*««'*«»»'««*«*°«»«" «»» 

45S DVS0K«tSESLOrVVDTV»»0VCVllVIITA8PXL 4M 

isoi TCrTTc»CfcmJuscioa>ci o ucjuuu^ CT it^^ 

469 LSHVACLIIICTZSCMlVKVmBtlGXITSaAOIKK S31 



1CT0CCTCIIAJ>CTJUlCIUiT»TCCTTC*T*AT» C IICa Uil imUJIA giC 1T99 
ATOCTTATAtSGJUlCTATTATCTCCtClUlCICCaTCTC 

SaaVPIItCAKArEO*ACrLllXPES»llILDIITCVBPE 194 
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(5EQ ID NO: 26) ^ Tftr tmnmfMAri > in i»clhui iLim uTBT OJut ui iti i in i u uuu« c( m»*crrA»»T TT T^^ iod 
(SEQ ID MO: fl7) atch uxlui iLUJ uu>Bu^ T CCCAOMua c tT»c>cTTC»cM*werm^ im.« icu cTorrjugcc 

(SEQ ID NO: 25) t TOAItVSYPVLIIVRVPLIItCBVKXrilALIItAXZII SI 



TCCI^Ci>CTJM»LllCCTfcCCACCSTCT>itAAeKrtAT 



uunu.i uuA » cc ce c r »Acw soe 

m IQTCAAAOCTOTCCCtOCCiiTCIlT 



>4IISDRTMV*DXVXII6VPrBllPft6D6LTV8TPT6ST ST 



301 C7CCCTA.T 
CA006JI.TAT 



ATOT «aa *TCCrJU^:TT C gAJU^0CTTiUiTWXCtCTAAC0CTCBnAWTAT~~ 



Ca ArilKSLCeAVLBPTX«ALOLTBIASL«ll»VT«T 100 



iQX A 1 1 UAmL I L TTCCATTAI TGT CC CT A ACAACCATJUCATTCAACrrAT 



ATTATCATACTXTTTOOCTTGACAATACCCTTTATTCT 400 

rFATGATJUbAQ£OL>^CTtrrTATCC&^>J'.TAAaJt 



101 LCSSlZVPKKDXXC-LXPTaHDTBTZSVOHSVyS 13J 

401 TrcanAATATrQAOC 0 T A TT C ACTATCAAATCC»Ce^^ SOO 
114FRIIX ERXE Y0lO«l»K>HfVATPSHTSPIIIIRVICDA l«7 



SOI LL 1 r l A T CCCT G JtfXrrGCATCAATCARrrTTCAATTTATCCCItfSATOAAC^ Mil l A AAAAA S78 

CCAAATASCCACTCCA tHAH lA CTCOUUCrrAAATACCCTCrACrrCTAatfnTCCfcATTCTqSfcAAAfc T TTTTT 

IftO F X G C V 0 E • 
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(SED ID HO: 29) X qxrcnuuuiciuuiccTactocjuafcCT^^ i lAiLL ftO fca wm *! i q i TOGc rocc^ TKTfcTAcegccf loo 

(SEQ ID HO*: 28)» v v o .. 0 t r » ^ lo 

ATilO« »ilUClLlii Ua C CIinfc ilU»llil*llilt4>IU U>C » T CC T GlCll fcC^^ 3D0 
ATCT CT <Ul Cia ^ C iU ILIU.AUJ Ufc C CIUUU T iUUU UXM.UClX CCfcCitfU ^ ILUJ UULC 



201 rnBaMBCMarrnAttMttCMMUj ^m cTh^^ mo 

AA CCC rTOC HCA AA XILl liXtl 1 1 IIC fcaUTCCTTATCCr i ' Ul I ' ttilJ MWiM aDLXil ICUJ M»CrATCgCTlCGIClCTl ItiHUfcOATAATAiUUMeT 

4S CK0VLKABTATIITI»KBBC»tlfOS0A«KRVY»ri 7f 

JOi JK^ATaWW U T AC ri A T CA TACTTrAJUUUV C T CC rT CC ATTTATCAACAC CT t XGATTCTeCCATCAfcC 400 

78 DOKSYHTLKTCMiyBBCYNYTLOKOOOFDBItlll UO 

«01 ACATTCft L ' lAI I UW SiCAgCTACCA LLlU.i lUJi^r rAU3GXTT9 ^LLl{: Z lh CGTATCAJ GlUUa^ SOO 
ttrrAACTtKTAACCrCTCMTCgl taJkCCM CC t-^*-* ' C OA X I i i LUmiACCTACCATCXTACATCrAC 

lllRLTVOELAROWVKDYPLTTOCEKLXAA ^WYYLDP U« 

SOI CACnVA CTBGC T BCrftAAftiC CTTOCCAACAAATCCTACTA C CT C C S TT C^ ^ 1 i AA C I HiUr ACTA COO 

GILUI lU ACCBA UXI I i iCm A LUL- IH I iA CCATCATCWACCCAAaTAOTCCTCBATACCATniACa»CCATACTTCTACCAAATrCAAC^ 

1«S ATCWOMLCIIItliyYLBSSCAKVTCWYOOCtYWYY 177 

COl CCrAAATCCACCTAATCK»CACATCAAOACACC7TCCTTCCAACTCAATOCTAACrCOT lACCTCTTAATACCACA 700 

qCATrTACCTCCATTACCTCTCTA H ILlUltU UkCCAA<gT7CACr7AeeA7TCACCATCATAC0CATACTAACTCCACCAAATCCACA Al lA i m i Ol 

170 LMACWCDHKTCIIFQVHCIIWYYATDSCALAVHTT aiO 

73; CTACcrccTTACTACrrAAAcrATAATCCTCAATtKxrrriuun-A^ too 

CATCCACCAATCATCAA7TTCA7ATTACCAC7TACCCAA7TtA77A g 1 1 CCCA TTAACATTTGACACTACCTATCAATTGAAACATATTATCCACCTATT 

2i; V C C Y Y L K Y K C C M V K • 225 
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(SEQ ID HO: 32) i 1 1 1 IAIU«M ATTTATaTr i WBUUttC C > T T*TT CfcCC^^ ICi i i 0C»CfcT A*ciTTCTCfc*TATrACT CCIUuU 100 

(SEQ ID NO* 33) mUUTACCrATIUUlTWJ ai it. I l COCTJUlTAiMnPCTCIUCrCACa»CIAC^AIM>CI CC >CMaW i m » C fc C TTAT»ATCAOCTTTT 

(S£Q ID HO: 31) i iioiTXRKAii«or»r0OT«LrLAo«rLi»iT^K u 

101 ATCCAACAATACCTAa;TJUUUUUU^Trauiei kTUIU l A TT(a»T QAACOCAM^ 300 
TACCrTCTTAtCCATCC Ai U i 1 1 1 AACnCTACACATIUMmnACTTOBPlTCfOACCCrAAAAC Li ILllLI A i i a CB CMCAiXgTTAOTATAATOTC 

SI XtBYLRKKXSBVySDBAKTGirBBBIIVrrNHXTD <S 

301 ftCCA l 11^1 i^jU AGfSCHTaa:TAA a; CT CCC T AA 1 L ' XCI0CU UUUUU » A g ^^ 100 
TCCTAAACAA CX. T CWnA CTC A IT COa ACOCATTAai^SA CLi I iLlLLiU UUTCSTAAAQACTTTIACAbI K.1U.1 lAHUAAC r AAAAA C AA C TTAA 

S7 DLLBTSVTLAIILIIKBBrSXS8»l.KTMDLXPV0P 99 

101 TTtTftAftBftAOtrreTAWVAi a rr i ttiLl l T L I ' |eOC k A TT tl-t!L re es CC ABt C CrrCACCCACCTCCCAOCASAACnTCATAATCCfcATCAACCTCACT 400 

100 SICtCVBIirAFLBIAtABTLTBLOClVOIIPIKLT 1J3 

401 CACAATAft riTUf rTty^^TTT g GAA Cg ff^ T CC^^ I W l W ' " t eM CAeTeeeAACTATeABCTQATT n »Ofc »ng kATefcAIITAeA soo 

1))ONNLPCPCTCAOSALVVN1.0SRKYKLXCRRI RTM 1<« 

SOI ACCCCA Ll . 1 1 1 iU AACTATTTTTCACATJkA ILl ILl tUHUICULiCCXA AGAHTCrCCl AAAAAAT CTAT CAAOCAAC 
TCCCCT C »AAAAACTTCATAAAAAC7CTATTACAACAJ> CC »C>C C CM W R T TCTAAAOM»A T m 




(C : Afcrr C CT C A A TCT77TAACACACAT(Ur7TTCAATrTCAATCCAA0^ "JOO 
TTAAay^CTTWSAAAATTOTCTCTACTAAAACTTAAACrrACCTTra^^ 

300 lACSFNTOOrorOSRVKSAIFIINUEESNELSPE 333 

AAATTtWCrJUTCACCTTTTTCACAACAATCTGWCCC^^ tOO 
T?TAACCCArrACTOCAA»AA t..t. 1 lU. i J^CACTCCgCACCAAACTCCAAATAACTCCTTCA U I L » L . 1 LOC CA AUUl > t lU. ACAACT7AAACTACrrT 

21>llLAllDLrOKKLT*RLSr:D0VBEAVPERV0rOEl 3ft4 

05: 7T»TCCOUrrC{X:CAATTAAACAAA7T7CA»AA 0 »AAM L't t : 1 1 fcTCAAATCCAATTCAeCTC A I LG 11 CCCA ATAACCTCTATCAAC^C PCC CA 900 
AACTACta:TCACCCS7Ti^ATTrCTTTAAA t . 1 . . U.. . . . 1 ^ AMUi C JU^ 7 ACT7ACCrTAAgTCttAgrAK3fcAI»CTTArrCCA^ 

2(7 SASROLRRrCHORLSLSNCIELSVPNMVYOOAE 3»» 

9:1 CTrrS?7C»gTrrA?CCA A AA a ;AAA*TCCAACCrACTeTATrrTAATCI^^ xooo 
C *CfcCMCrC»AATA U«. . . iUL. . . .AL.* lU^ TCilCATACAATTA U, . . t lA TACCTCCrATA UUi ULAH l ATTACfcA Al I tU-* lA A OCi I C»t 

KC S V C F : 0 M C K C T T S X L : R N 1 e D I O S R • 335 

is:: TsrTTCTACT*cc M.iti ii-L: 1 i I :uciu<OT ATA»Acjrrii cci;cc !TC > TCAAc»TCTCiuuiCAiu y r^ iioo 

ACCAACATCA7CST C ACAACCAIUUA0C*CCC*TA77TCSAATC(XCCAACTA(nTCTAO U». > .Ul IL UCTACTCCATA bllUUilA CCACCCTCTTTA 
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(SEQ ID BO: 35) i juu«ntgr»TiuiTitf: n>ciuuuufcT i ujiiGiCM^ 

(S^ 10 M)* 36) TTT*C»0»T»TTATC*1 LI 1 1 1 IATCft»C»tCICCMOCT»*»i.«.. .ATMAMCTACTAMMUCn 

(S£Q ID Hol 34) I « * i r r k . r l s v c » l l t v i v 



. M lUGlQATJUSTC 

itaaockctatcm: 



100 

1» 



lai ^f***-***^!!!!!!!! I la Hi ill I niiH HM mi< iiiji/i lui iM niinHii 1 1 Hiiiii>»iM I >ftM<iiiiiii< I >mfTrr?riT>TTrwT>TTn7rT 



200 
51 



301 tcccirrremTTCJicrcoCTTccikCCfcoBfi*^ 

ACOBIUUUkCCCTAJICTOWMnJUUnnrCCTCWCTMO^ 



S4 prCXOSl**aiOL«LLOSOIVVlTKTKOW. vrvM 



100 



•7 NHVAT0»«VIIS08VTD*YyiCLlRP«»0XR«Tir 



400 

11» 



LATrAACCrrCCATCX Al lUl I lU» CAAiUUM>r;»TaUSJ k n t;LLLI m »CCTT CfcACACCXAC TACC» gMPX*A 
rTAATTCCJUtfXTACTtlUICIuyi CILI 1111 itrA CTCTAAO0CCAACrCCM<«HUm.HLfcTUilCl AH 1 ; 

l20DAL«SSVPKtTL©ELriltKPEIAl,EV0M0V*EEH 



soo 

ISl 



501 TCJUXIlCTTACCCCTACATTATCCTCfcAAACCr^ 

jiCTccTaiuiTCcaatTCTA»TJicc M:nnccu uCTiU iiQi ' i ' iu^ iu»n.iAa.iLt ium ttocttw»t»ci lAci i 4m»i iACccoecgncg 

1S4 TTTCYI IVKTLirKVCPDAEVKOSMMEIBAAO* 



lOS 



ATTOCOWAATCTCACAACATTAAA^ 
TAACCCCCTTOOACTGtTCr AATTTTA ' 



117 |CllVAAOELAEADKIKXVTAABAEAEED«LBCVC 



700 
319 



701 ATTCCmUlCJUiCCTAACCaZATTCTa;ATCCATT«^^ 

TAA CUOOUO. lU CATTCCCCTIU^CACCTACrTAACXCTCTCACATACTCCCTTCA bt ! t:L: iC CCTTAC»ACCCTALli.lL! ILIIUI i tACTAOCAT 

22CIA0ORKAJVOCI.AESXTELIIEAIIVCMTEEOXHSI 



ec: T LLiLiiu iccAACCACTArrrccATACCTTCAATA Lu. . aaaccaaatcaaacc a; . 1 1 i a cc»aa tact cca»a iu.iuiu;atcatat 

MSahGhfi ^ f C^T rTf f^- ^''^'*'^^*^^*''"'^^^^^*''^=^^^^°gg^^ ' • ' « actt:sctacaaaaatccittatcacctt7accacacctactatx 

3S4 iLTHOttDTLMTFASKCWOTIFLPMTPNCVDOr 



30( 



90 : CCCTACACAAATCrrCTCAB LLL i I LOC&C lOA CAWAA A TAATAgftCTAATACTCrTC CAAAAT CTCTT CAAAC rA 
OGC»TgrCTTTACA»C«ST C SCCAACCC CS A Cf Cnt:; I lA TTATCTCATTATOWACCrXTTACWACTTTCAT 

as'' PTOtLSALRAEKK- 



lOOO 
100 
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g«|>l7l3 " 

fSEO ID NO* 38 *; i txTnmTmooniMJam^^ ulli i ibiw. lU AATtoc tMtMn ^ ^ A rm^^ loe 

(SEQ ID MO: 39) 

101 rCtOMATCmMttmtOnOJlOlJ ^ IIA: i l I U »AAT CK^T10CCTraTT»AWCI»gg^ 1 1 IM lUA; 200 

AQi U,nJ > Ul<JB IC lJ UU> CLiCiLl . ILHA HCTAJUU ^i I IJU.I IA TCCaUU«lUCTTTTCB»CrrCCCCfc»C^ACAI t tClLliftCTAAAATJU^CCC 

(SEQ ID NO: 37 )i LKSZGPtSKLXGLSSXCLlLLG M 

301 A A f lAie gT MiilJLAL. i I A AALi.Ll A HAIL. ■ A 1 IUiJ U:TniT* L ' fL ' iui A AA TATATrATCMimqM HI i A CT OC*WCMt»»M0T WTCTT 100 
TTfUtTiVm»TTCTTfVSftftJ I Pil l T 1Tm * ^ ICATAACAA 

33 XXLSirLPPYLPVVVtCtTJXSLXFTCDMKSXL SS 

301 0«AI»U \ Tl WWaV bgt3CTCCBATCCT ^ ^ 1 1 i ICA rA BCIATABTACHnTATMT C^ rrtTlttCACAAAAT^ ICTCCCt I CACI AP 400 

UiUA I A AALIXCLILUAI U»C T » CB » 0 6l»* fi *M>> fi »> T C6ATATCATaAC^ * «.*ACX:tACC r fc r; »» C fc CaS AACICATC 

SCOKMGBHPNLLLPLSYSTVZSZLAOVWMGLVASVO it 

« 0 1 OJV AAUA A ALAX TTTA HAA A A ILl 1 U AU CfcCTATOlCTCCATTTTXTCCCATAAAA 1 I'lCCATTCA* * * «i»C 
nTAOVAAChTAAATWV TJUVAfttMWiAA m^ fc fi fc* fc nrT AACTA^^*^ 




50 • CAACTCA L ' wA I CI » lA ATCCTAATTATTATCOAATTA I . »U1 AU» ♦l^im T A TTATCArAULi A iClAT 

CrrCACT C GAAfiAAATtACGATTAATAATAtCrrAATAAACAACAAJtfaCfc T AATACTAAC C AAAGATAO AU,A m. A IC AACTTAACCAACT 

IS*EVTFPIIPIIYYCX ICCrClHlAFYtFTTTICLIIIILK !•» 

701 AACTAI ICT a T C T C ATTCCAOCCTTTGTTAAT L : . .UC IG AAeTTTACT CAAAAT C CAAL lUCU: I AtLl&CTATTATCCCT CCACCAAT YATCTA 000 
TYCATAACA<>C» C TAACtnra»UUCA»TT AC ACAAA C C*AJirTTCAAATCACT^ 

l»C vrCVIACrVKLFCLNrTOMRTAFPAIIACAlIY 233 

BO; : L . L : 4. A A CCACtArrAAAAACTQCAACc LL . . ♦ . >., CCrrACTArrC U»C; 1 C ! I COCCA ; ; ^ ? T t c a u i a l LL > L I TTTCTACTCATTTCCCACTTCCA *00 
ACACAAATCCTCATAATrrTTaiCCTTCCCCAAAACCCAATCATAACCCO^OAACC^ 

32> LFTTIRIIWKArwtSICVrAICLSFUrSSOLCVR 3SS 

001 ATOCCTACrfrACACTCrrCTATCGAACAACBCATTTCTATCTOCCATCCTOCCATOCClll IG. . lAfcC CAAAA TL,! . L 1 lUQUtA'ttAACSGCCATTCA 1000 
TACCCATCAAAYC T CACAACATAC L > I L » «U.^ * AAACAT ACACCCTACCACCCTAC CO CiU^CAA A II LI* 11 A 1 A CGXAAAACCCCACTTCCCCCTAACT 

2SOKCTLDS5HEEIi:SIMDAGHALFKOMPFWGeCPLT 309 

lOO: CCTATATCCAeTCTT A T CCTOGCA TACIiYCCTgCTTATCATCAACATCCC^^ 11^1 tiA CT TACCGA A l TCHaOU A A CCAT 1100 

GGATATAanGAOAATACGAGCCTATCTACCAGGAAYACTACTTOTACGCCTCTOICAAATATAACTATCCfA^^ 

79Z YHHSYP1IINAPYHCHAHSLYXDTII.SYCXVGTX >23 

119: TTTATTA A,. A A lO.LS I JiUA lUCXCXl ICa^ I ! C ATGATCGATATciMn€ltf» tf. l L CGW A A C CTCC(»Tr AICtlU.tA I lA TCT Al^A A ItC. t 1300 
AAATAAT C AAAACA C A>CACIU CC ACCA C AACCCAACTACrACCtATACrCACTCCTCAC CU.L: I AU CA0CCrAATACC0CCAAATACA T >CAAAO0JUI 

12} ULVLSSVAPVOLNKDNSQCSGROPIXCLYLSFL }S5 

UlTTCMiTCKUCC • • AS ; 1 1 CnCCTACTTATUTUCACTATTCCA A AU«L« 1 1 A 13»» 
TAACTCHCTCCCAAATAAAACAI^ C CATCIUTACAOCrCATAACCTAAegaUUT 
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P19. 14 

(SEQ ID NO. * TTamcriCT»u»cxxMjaccAn>ju:n icc c cA CAAco c rrcroecccfcTcr 
(SEQ ID mi 42) 

TrfCCIU«»CaaiCCTCTTC«lTCTAC*CCXTC*TTCJra 

■nmaA F TT fL* ' '-"r l l l m r 1 1 lA fWrS CTflCTftftl'^T T '-*-' ni *e wT^rinff»ia>rr»r r*ACeC T >C»*U. I »U.A « . l l»CCT**CA» l«LfclU l l 

,01 C^C AHL^ulLUi . >w.CU MTOaUW;CrTT CAACCCCWT rr CAC^ 400 
CTC«UICTO tfa UU>Ci« W TCKCCTC P 0BAA» < i tLliUibt IJ UmOCrrCTA LI It. iAt I lA fcLClAAU TCOAOSTAAfc^l 1 1 i A^CC^ATTCWTT 



(SEQ ID NO: 40) i 



401 TCAATCTAXAACfclUkATJUJtflAA LI ICl 1 1 1 ,LlU CJUUlfrtXaUUCGCTACnrTCACTCCn:»TCC^CA<^ 500 
XCTTACA l X . U» i 1 i ATCTCrT C IU^CJU»»l>AQCTCTTaUU:U I CT C e C XTOtfaCTCM:t^ 

3 itVKENTELVFKEVAEXSLSAHRCSCSVSVIAV: 14 

«Q1 ekACTATgTJUa^TCTJM:THft™ . ■ ^- ' ■ T' ^ ' f M mrrtTrfrJkTCxrxrcacrctJ^ 1 iLiUJ >AAAATATCAACCT «00 

CTTSTACATCrAC A I CC CTC T C GC e7T C «UU^AACCCCA T CCACAJMffm^ 

3S KTVDVPTACALLPLCVHHICEIIRVOXFLEKYtA C7 

ftO: TTAAAACATCOUy^TCTCy^CTTCCaiTTTCArrSCTA^ ■'oo 
AArrrrCTASCTCTACACTCAACOCTAAACrAACeATCCAA LG . : >C;CCA TTCCACTTTCTACACTAACTTATCCAACTAATAAACCTAeCSTAACCrCA 

«0tItD»DVTllHL:5TLOI»llKVlCDVIOVVDypNALDS 101 

7C: OU;TAAACCTACCIUaX»AAATTCAAAAAASAAgTCACCeACTeA7CAM^ . .! .LAACTAAATATTTCTA 

CTCATTTCCATOSTCCCrrrYAA U. >..»..: ' . : ^AC rCSCTCASTASTT C ACAAAOCAACrrCXTTTATAAACAT 



so: CftCN;?yP<;M\ CXGC : Ca AAA :L. .ULLA CACT ZAaSC ACACTACATAACATTCAATAIU. 1 lAATCACCAT GCCAL C* I . lUACCCTACCACTCAC »00 

c : L ; u . u^". : j ACCACCTTTA£Mu^cccrrc7CAA7£a tt : x i c ATcrA?TCTAAcrrArACAAcauuiT^ 

:JS ocELLEILPELAOLOItlCYVCLMTHAprtASSE Itl 
ILL LCCUC SrrCTAAA ^U. . »L:L; l I AASTTCT w. . »U. . i AAOCTTrA T ACCCAA A TCTC G T C I U A C gaCOC a CAATC 

i«iCLrE:rrAAC = :.oiie:CEitc:PNHPLEHTCC«t 200 
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(SEQ ID NO: 44) i crAeTeCCfcOTCCfcCTrmCCItfSTJUOTTTATT Ai l IM.. 1 1 IA ATCJ^CCCHCIU M I ILHUICI IU UiT C» » I . I iU»lA OCTJiCTrTOgriUfcTTCT iOO 
(SEQ ID NO: 45) CWCaCCgTCmanaUUU l t lMICAI ILA MTAATWTC»AAATTACTeCCTCT T AAABA*CA C AACl IM.lClAAAACeATCC»TCMACCfcTrMCA 

(SEQ ID HO: 43) i TPs»LLAvsLtrTf»o»ori.vL«oxi.vesLviL 

101 A Ll IJil llR3 ^TATXTJUnrTCTlUUUk»TCCCIl l 1 i iti AX TJUaUlT0CT1 UJ»lU.IAt IllAM iAUlUl il^ TCATOAC»TCCfcXC»TCC>CCMUaACT 300 
TGAATAAOOTATATATCAACATTTTTACGCTAAAACAATATCrTACCATCCACCUTAAAATAA^ 

14 LZAVXVVKIPrSTIINVftAXLPSVDOSNSDAASS CS 

201 AlUlfclU,! i 'O HJ.l 1 1 1 lA TACTATCATCAACCTT A T CA n CUll 1 1 A TTTTACOP OI XLl ILiULIUl lAX iliLi I lA AACTTTAACTCTTTATTAA SOO 
(INGASPrVTMNKV Z IpriLPVVtS VXALNPMSLLT 100 

101 DrDLSVFLYHPLAOPtCZTXItSAGDtTATSIIAO 1)3 

401 ACCTCTCCTATTTCTTTXTACAA I IC Z : Cl CJ lTCATTATfTCna^U^CCCTATTATACr kACACAAACA CC ^^ SOO 
TCCACACCATAAACAAATATCTTAACAACACTACTAATAAACACL . «U.tATAATATCAACIUil*i 1 iHU.CCCOCCAT7TCAl ICZIL lATTAgTACT 

lU AtVrVTT:VLHi:SC7VLyrT0»PCRKVRK* im 

SOI CJtfgCA LTAit ' lLnUjai f ATCAAATATTOAIMtTACTICTCJtCC A: i;*l ; 1 lA TCACTACTCATTCCTACTATAAl lUbi i lAl 
CTCCJnWTCACAACCCAATAinTrATAAClTrATCAACKrrCCTAACAAAATACrC^ 

&01 CCACCCTCCACCCATCCCAACrrATASTA : . ' ^L. .Gl CTACCTCCATCTTTCATTATXaiTCACCAATeAATAeCTATCrrATAAATrreCCACfc t ^^ 700 
C(n^qCACgTCaffA«CTrCAATATCA7AA C AAACACA T CCACCrACAAACrAATACrACtCCrr^^ 

701 CCTACACCATTACCACCTCAAC77A7ATO>C 0IUIUU». » 1 . CTACCCCCTCgAACCATTCTTATTAaiCATAAAAACAAAATrACACCTCrCACAACTC 000 
«yiTCTCCTAATCCrCCACTTCAATATACTCC*CACCauUUW»?CCSCCACCrrCCT 

•9; CACC fc CCCn i I lUALL I iC CCC fc CCAATTCCAT7ACC7ATTCCACTA U.. I . . .A TCACOCA bCi t ! : 1 lA CTACCCAT 
>; : a. I C a > X A AACOXUUW ttU ii,Li: AACCrAATCCATAACCTCATCCAAAAATA Ur C CCr CO AOAAAATCATCOCTA 

901 CATeTTCCAACa^AAAAJUATATrrCCAAAATCCrrCTAAAATCArr^ •''e 
CTACAAanTCCTCATTTrTTTATACACSTTTTACCAACATTTTACTAACTTAACAT^^^ 
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(SEQ ID NO: 47) i ou muh.! lUa MarrrmGAJUJimt^^ loo 
(SEQ ID NO* 48) inr r >cifcCiuicoc c TTauuuu fcic ' i mmA 6iUC fi * t.i 1 1 : hcic mbcticxgmh i ihuhi»amxm»i ; nATCCT^ c cfc * c»cc»»cT*ct»c 

(SEQ ID MO: 46) 1 m n 2 

101 CTatfgmTTAcaauusftgrTC^^ i iiiLuiii.iA g m rMiMa < ii.iiiJiiu*iLiiiiiiLLA accccTTiKaTG>juuuu i augrre aoo 

CTCTOT>»TCTCT?CTCIU M.Li i 1 lCCC* CCTCC»Cl tt CiUtfil> T OCfcTCTCICT C >CW T » f^ 1 1 1 iUtlU UC 

lORtROCLEKGGAVVLPTBTVVGLrSKALDSKJ^VO IC 

201 ACCATCTTTACOUUTOUuicG I U; I LLl * 6>CXTAA^»CrCAATt:TWTM U^ 1 1 U C >CC> C A ».* * wv ^^^ 100 
17 ||VTOLIC»R>«DKALIILllXASrEDlLBFSKIiO»A «» 

10 1 TTIVTCT ACfUtAAA CrTC TACAOAC CTTTTTC C O UX T CLL!! m XCOlTTATTCTO BAACCOAT SA COC*!** i ^jCCTAAA IIC n^ACC TTGCA 400 

AXTAC kJUl 1 1 1 l eSAACATCTCTCCIUUUU^ a WTCCWOCjM^C^ ILU.HA CTOCCTCfcAOCCATAACCCATTTA»CACTgOAAOBT 

70 YL0ICLVETFLP6Pt.TIXLBAIIDRVPTMV IISDl.A 103 

401 A C T A TTO C ATTTCCCATCCCCliCTCIlCCCTATOlCACTWm ^ CT GCCA^T ATCTCfcCOTC MSCaU 500 

TCATAAOCTAAACCCTAOCaiCTCItfnCGCfcTABTCTCftCCTA^ATTAACLICIC^^ I ATACACTCCMgrCanT 

lOJTXCFRMPSHPXTLOLlHeTGPLXCPSAIIlSCOAS ISS 

501 CTCCTOTAACCrrroJU^ClUUlTTCrCAACCfcTrTTCACCfcACW^ i 1 ICIAA C T OCfcOOCA TT CAACT ATTCTCGA €00 

CACCACATrCCIUU^CrrCrrrAfUU^CTTCetAAi^A Cmbl ILiLL MCACCCACALC: ICIUH^C C ftAAKCATTBALCIUlLCIAAOTTGATAACTCCT 

1)7 cVTFEOXLKDrDQEVLCLEDOAPLTCODSTIVD 1C9 

60 ; : : T G T C T CG X C » C XACCTCJUUUVTCTTXCCCAACCCCCAA7TAAACCM!AACAT A1 iUl iUtlLUOi * U XACACX l ; :LI U i UACCACCCT T CAAAT C 700 
AAACAGACVICfOriC CA CTTTTACJUT U^* LLLULUl | AA . : I UL I L : IC T A TAACA^OCACCCAAOCCTCrCrAA^GAAAACTCCTCCCAACrTTAC 

170 LS COICVItXLPKA0I.MEElPtLCCORrLL««LEH 303 

7c: c^AAeACAr^TCCAACAAAa^:ATCTCAAACCWTATCTOC^TCJu^ca^^ iua;; l ATxcrrrrACTCCACwwccc c TACccxACTAc too 

CArrCrCTAAA CU^ l : .UiLl XCACTTTCCCTATACACTCTA O. ;CT C CCAAACCCAATATCXAAATCA U*ALH. H I i UCCCATCCCTTCATC 
JOJLBDLOCTOVKAieOlHOEALGYTFSPEETASOLA 21C 

001 CrACA C T G ; CtCA CGAT7eCeA?eArrTCeTACTTCgCTATG»CCATCO^CCrA A lACMCG ATATST CCfcCCC TCAACTTTACGAATCfcCT »00 

GATCTCACAGACTeCrAAOGCTACTAAACCATCJU^CCCATACTC C T A C C TCCATTACTACAGAATCAACCTATACACCTC^ lAUlU A 

217 RLSOOSHMFLlGTEDAANHVLLCYVRAEVVESk 3S» 

901 CTArrCCAAlU«ACCATrrAATATC?7ACCT7TACaunTirACCTe^ 1000 
GATAA tAt. . >LUILJ..A AATTATACAAT0CAAA7CSTaUUWnGC» G. IU«LL1 ILLA CTTCCATAOCCATTTTC^AATC AIOI ILLLA A LLI iUI IH 1 

270 YSKACFHXLAt.AVSPOAOG0GXCESLL0CLE0E 103 

100 : GCCAAAACA icHXl lAUXLl I lAitH;:.; iA AATrCTCCXAA1 U il CU lLl tJU;iU.ll^iUAl i n AT GAAAAA C T TCCCTATACrrCTCATAAAA 1100 
COSTTTrCTACACCAATACCCAAATAGGa»ATTTAA6ACG6TTACTAGCAGACCCACG»CTACGTAAAATACr^^ 

10>AKllCGrCP:itLMSAHKBLGAHAFyEKV6YTC0KH lit 

lie: 7gCACAAACCCTTTA7TCCaiTCTT77ACrrTCArrrrerrATrCTAAAAT 1300 
A L;..L. : .U CCAAATAACCCTACAAAATCAAACTAAAACAATAACATTTTAC77TSA7TACCTCATCA C 7 C T G TT A1 1 iCLltl ILUJU ATACTAAAAAC 

11" CKHFIItXP- 14S 
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rn. 17 (Sheec 1 of 2) 

<^vn TD NO- <;n ) I JMiQ*TiMiTJ>c»JuuTAC<UTcr)u«c<u«c^ 11.1 1 i KT too 

(SEQ ID NO: 51) 

101 ta^lt U TT A T CA T CC T J lCTACeiUtfTTTlCTTCCOJUTTTTTOC^ 200 

301 ecu 1 1 It r r Ac L L LI l i 1 1 i lilUMrr gMWVt»VAAT iUlTC»CT An»X 1 1 1 It tCATikaSX rMOXTtliAOStCMXX^^ 100 
CCTA»» CC CTC CCC JUUUUU T TTa U.ll.i IL. I l* TTItCTCfcTihCIUUU*TCrATCTOC»TTCT»fcTtOC>CTTCCB>C^ 

(SEQ ID NO: 49)^ hplotakxkvragiigcdghvso 



MUlOUltl ILUl lUiA CXCiCMCCJi C TAOC 400 
HTCC 



^1 A r R H A ^ ■ 



c c s c c s 



401 TACCrraiTCCATTTCSeCTfcaUtTCCTCfcTTTCAACCCTC Al iLIUUi tl XAAAA CCCXTCAC CAAACCCA TOlAlCaUiUilUilUCItACCAeCTTACA SOO 
ATOCitACTACCTAAACCCCATClTIICCMffAiU^eTTeaaCTJUICACCAL i U 1 > LLCi ACIU* 111 LLL IXCCTACCXCCACGACCACTCCTCC^TCT 

54 TLMOriYIIRKrRADSGBKCMTXGIIKCKCASOLR •« 

SOI CTTCCIgTACCMaU^OCTACeA C I 111 lU^IU ATCCGCJWriOCCMCcfrTTiUCACATTTC^^ I i u,HA CBCTO 400 

B7VRVP0CTTVIIDACTCKVLTOLZBHC0BPIVAIIGG 130 

(01 CTe C T OG T GC ACOTCCAA»T A. ICU* « >C eca»CACeAAJUUU^TeCTCCACOCCAAATCrCT CAAAATOCitf;AAC^^ 700 
CACCACCIiCCTCCACCrrTA T fcRCCiUU UX'Ur i G T Ct.l : : l i 1A CCA U«1U«CCI ll AGASACmTA LUlL>lU»ICatt.lLLUL CACTCAATOTTAA 

131 RGGRGNIRrATPRNFAPCISeNGEPGOBRELOL ISl 

701 OCAACTAAAAATCrrG6CAGATCrCCCTTrACTA0CAT7CCWTCTCT*0OGA*OT^^ 000 
CCrrCATTTTTACAACCCTCrACACCaUUlTCATCCTAAOCCTACACkTCCCTTCAC^^ 

1S4 CLRILADVCLVCFPSVGRSTLL8VZTSARPRIG 10« 

BO: CCCTACa^CTrrACCACTA7T(rrACCXAArr7ACCTA7T»TTCCC»CCCAATau;C^ 900 
CCGATSCTCAAATCCTGATAACATCCrrTAAATCCATACCAACCCTGGGTTACTCCACTTMS^^ 

lf7AVMr7-T: VPULCMVRTOSCESFAVADLPCLI EGA 230 

»o; cTACTCXAC Gic:; ,ui. ; lu ccAxcTt^ c: ; rr T rcs TCACATtcACCcrAauxnxrrT» :LL; looe 

CATC»CTTCeACAACCAA*CCCrrCIUrr O U>CCACC C ACTCTACCTCCCATCTC^^ lU-UU CACT 

::: SCCVG:.CTCrLRHtERTRV:LHtI0M8ASB6RD 3S1 

too: TCCIiTATCACCATTACCTRCCTATaU^TAMCACCTCCACTCTTAaU ^ l C ^ I ttXCIUilUJ tfOTrC»»C A TT A TTCT A ACTAATAJUlATGCACATG 1100 
ACCTATACTCCTAATCCATCCATACTTA l I lLILU iCgreABAATCTr A CIUU8 a »ACTACCTeCCA CG T GIC1A ATAACATtCAT^ 

3S4 pyCDYLAIHRCLCSYRLRLMCRPC:;VTIIRHDK 3BC 

lie; rC?CACACr C »CC»AAATCr7CAACAA7TTAACAAAAA Al r &CC T G AAAATTATGATCAArrrCAACACTTACCASCT AI LI ILLtA A l I IHUOA TTCA 1300 
CCACTCTCfcC UL. . . . ACAA ^. iL.I AlU t; ILl : . . 1 l AACCCACrTTTAATACTACTTAAA U ' : ItltA ATCCTOCATACAA UU,! lA AAOACCTAACT 

SO^PCSOeHLEBPRRrLACHrOEFECLPAIPPtSCLT S3D 

:2S: C C AitCCAAC C TCTGGCAACA w. . . l ACATCCTAOmCTCAA g ICl T ACACAAGACXCCACAA : ♦ : . lUC ' lU lA CGACSACTCCCATATC C JUCAACAACT 1)00 
CCTTCSTTC CACA CLC:;;C A»AATCTACCAT C T CC AC7TAACAA 1LIU: lUlUlL CTCTTAAAAACCAGATCCTSCTCfceCCTATA CLI ILl ILl ILA 

i:: r0CLA7U:.DA7AELLDRTPErLLYDESDNEEEV )S1 
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PA9. It (Sheet 2 of 2) 



J54 yrorOBKlRArBlS»ODDATI»VLS0BKLMKLFII 



1401 ATC*COUlCrTTOAT08TC»TqAJ^TCTCTrXT C*A»CT TTX 1«4I 
SaiNTUPDIIDtSVIlKL >»• 
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rig. It 



(SEQ ID HO: 53) j icoiuiTCCCOTJwauuufcCJu^TTauuuy 

(SEQ ID HO: 54) »cctt>cocciu m lu i a iui n Asmrti ui ilu n luiLki icifti ic 

(SEQ ID HO: 52) i 



ATGMTTKTTACJUUkTl 



100 



201 ftfSrPftMNlUI 1*1 ICUIU aTT AICIU,ICC t J UOCCTrogCTO»ClOBafcTOTTOC WCi ILU^i ra MOr CTTW CMftCCT T aUUMUUUi T CCCOi 100 
I lULi ALtA CIU^TAW»C>CrTJU T I» l»C»n»T TCCCfcCTCBC>CTCfcOC^^ ICJCM»»Lll Aim IACO<SCT 

ISNXGV IIBLSAAKOIPSNMLEPBLXSTBTrXXHPM iO 

301 TCeAAACTTOBO a i>CCI^*CTTCTe>mtakTTC»^^ imiC ATCiCTCtACC 400 

ACCTTTCIU MAXCTCC TCT C iUtfa^OTCtCTJUkCTaUUtfT>C^ 1 i 1 IIXU CJ U^AUIA lUUlCMiMJ U^BIUICC C TACTaiCK^ 

€9 OTWeADLSCIDrDDLIYYOXPSOKPABSItODVP 101 

401 TCAA*iU:A TT <UUCJUUCcfrrCXACOT*TOCCCATTCa^^ ItlCl 1 ATTTACCAU X CC 1 r L'l G CC CA CTACCACTOfcG W* A UUl U A C SOO 

ACTTTTCTA AI ULI I lU »AACTTCCfcT«XCCTA» liGil.A lUiA CrTOCAOCfcATAAATCUTmXMAAaA a aaCTCfcTCCIT^^ 

lOa BRIKETPBXXCSPBABXATLAOASAOTKSBVVV 1)4 

SOI CACAAOkTCJUUaSiUltMUrrrCCXAAAATTJWarrATTAT^^ lAi 1 lA AACAATA Li I A\.CU A 600 

OIUHUAACilLLliHU U U.UI I i i AA ATCCATAATAaUUTCTCTATCTCTAAOCCCTt^ UI 1U.I lAAUIJULC TCAATAAATrn^ 

I3SMHMXEEP0KLGI tPTDTDSALRCypDLrXOYPAK !«■ 



'ATCSTCS&mCCAAC IT! TATCTAOCTOC C AAAABCTCT CAACCTACATAT 

TATTCTTaUM»L UILGGO A0TT6*CTCCTCX7ACC*CCCCACCTT<aUUU^TWa^^ A i I UA OCTTCCfcTCrATA 



TOO 
201 



to: TCCfcCrrCAAACTTA I i iLLt.1 A TCAATAACCAAAATAT*«rrCAC7TCCAACC7AgCTTCATTATC»TrC»T 
A66TCAACTTTOAA T <UU»C C C*TAOTT A. tU^l.l IA TATCCW?rCAACCrroCH7GCAACTAAT^ 



000 

2)4 



601 CCATCTACACCACCA»CATATTCXACaUkTACCrrACAC<CT:CaiTTCrACXA^ 1 HUL« I iU^C CCACCTTAT A T C C CI lA TACAACTATCCAHA »00 
CC7ACA lU;m; ' G;;: rC^X ATAA C: .CJ; I ATCCA»TCTCOC/^CCCTAIiCX ;^. « > AAMA C a^AACCt G CCTCGJU^TATACCCAATA Ii;HU ATA U*t 1 1 

ZlSCCTAPTYSSHSLHAAIVCXFALOGAVNlirTTXOH 2M 

90 : A C 7 CC1HC ATAACCTCTATAA C1 is^I JUCAAACCCTtlCrAACCCTauUUkCCATCCCIlC I ' Ct IC ACTCCATTCATOCAAA Ll lUU.IU CXAAJU>OCAC 1000 
TSACCfcCACTATTCCACATATTCXACCA . H«l 1 1 CUC ACCATTCCCA U i 1 . ILLI ACGCTCACAACTCACCTAACTA LU 1 lU kACCCA LU.lil lt>ClU 

2«9 WSDNVYMLVTROAItAORDATVeH XOOMLCARTT )0I 



1001 TATCAAATATCCATCTerrTACCTTGATI 
ATACTTTATAOCTAOACAAA T OCAACTAi 



i:s; AACATCATTCACAATCCrCCACATACCA GC T CC I C TA I lUACIClA AATCCATCCC T AAACC T C C ACCAAA a^A 10 A UlA CC muC ACAACICA LI.i » A A 1200 
TTCrACTAA Oru. lA CCA famUIAmGICIl ACCACATAACACACATTYAOarABCC Al : :CaU.LlCC f llC C A ACTCATCCCA CLAt.i A CACTOQAAAT 

))SrK:MMAPR7SSS:VSICS:AKCCGRVDY0G0VTrM )C0 



I20: ACAACAA C 7CrAACAAA . L i G > . I ^LL ACATrCAATCTCAYACCATTATCATCCATCA Li: ! 1 : 12C) 
1 U . ; L ; ; U M»r?C?T7ACACAAA iXC l G : AACTTAeACTAYCCrAATACTACCrACTCCAAA 

>i9 RIISKK5VSH:CCDTttHODL )SS 
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(SEQ ID NO: 56) i jicciqeiuffniCTBiicciuCTATceTATc™ i lAiti aiAcrogTOTKM WCTTCfcwc x oMftoc^ loo 

(SEQ IB ho: 57) tc«cc™aatac™™«cc»t^tt^^ 

(SEQ ID NO: 55) » AOIY«0V«TLKSC«SVTtT»ir»lV0TETATLlt. IJ 

101 CCA UCIAI iOIOUUQ ATA OCIAl>l 1 CCl 1111 lALIL U I lAI ItlUl CA ATCTTCTATATTTOCACCAA i ' ICCCCLa M;ATATCrniAT T AAAa»ATTT aOO 

J4CAI»CXAB$tlLrTS»IILtTrtOFR»OILXIl«lS «Y 

201 CI>CCTTTA0 »iillli U UUl CIUJiTCCTO>CTATXtU;i lA LIt^ 100 



SOI CCTBATT(A;C'1 ICCTCALI 1 1 A1 IACIH I ICrACCr»BTOCM»l 1 1 lUtCCCTTnUlCOICAABOCCABIUWOAA'TCTCCTCTT ItlATCAOUfcTTATC «00 
101 VIOtLTtl,VFtASAVtTI.»«0A0K«8RV8MTlM 111 



401 

IJ7 
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(SEQ IB KO:.59) . "SSSSSSSSSSZI^^ " 

(SE3Q ID HO: 60) h t t c • 

(SEQ ID HO: 58) ^ 

s vYcr»rTrxvrpr¥tii»ifTrii»t«CRiiticsiR n 

, ! —--^-« ^ifMww n9mff^Bftrff»^t 1 1 im.l i l i IATTCJH l n ICT**TTCCKrTT»CT*AT0OTT 300 

«HrTSrSrKI,AALSTCII»TATLFLI.iriXAr«IICF 71 

,01 TTAC«^TCT^TTT«»«TAAAS^ 

72 srSLEIKEVDfLlllFtCXSXAllllASrriCrFrS 104 

401 TTATATACC^TACTATTTCTTTTTKTCCT^CTTXCTXTTA ^IU »• 
AATATATCCTATCATIMMWlAAAAATAMIAT^MU^Tg^TAATCCT C JUJUUb^^ 1 1 ITTAm* * •M»*<fc,*i-MA^TC>TAW*gW»WA TO WWWWWAT 

lOS rtAYTFFLSlLTXSSPS-riCKSIIIiStVFLPTFL U7 

l3»FVESLriiirOtDlfCXXCl.LPXFOTMVIISIIFYALX 171 

401 TTTATT«;CTTA«TTA=TATCrAT»TAATTCC*TTCACTCrA ^00 
AAATJU^CCCAATCTAATCATJ«ATJtf;TA7TJU«»TAACtCJ^TAiU»C» C fc*CTATgTTO * * * *Ai,ww* i «^TTC 

17J YIII.TLtSIXXPfcTVFSVMRII»«»V« IW 
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rig. 21 (Sheet 1 of 2) 

(5EQ iD HO: 62) ; iboocJuauifliuuuiTTTO Mim 1 1 liJuiiM XTAhTiiaiMncimrhi M 1 1 iaicC loo 

ID' HO* 63) li.H,l lUl ILl 1 i IA AaCTCauyUUmi C rATATTA?CrTCII<»C»TAT > n C CT CCA TmCT I »muiA AA»TAOC 

(SEQ ID HO: 61)^ nELWHoxsTHriou 

M T MXXiHULUi I i lALtuLiecAi lAiLixAiuw icwTTodMOTCfccwcncwacmu^ ado 

ATOSCftOGCMJUmGOBAGBnUOAfiGOMCTiacenUOSTCC^^ 



CT0»CCfcTrJ«TCrACM6a0CTaUC»CTTCTJUU>C IL^ *U»A IM CMUI ClLi iClUJUUl t 

47 TAH0IITPT8OPI*K*HI.A8LYGTON8TIICrBR60 T» 

)01 J»CC>atTTAT»CI>ATT(»ai l I lALLIAIUI ilAllM OClUITTTTTlUUStJia CMAfcAO BTCCTAa^^ 400 
TCeCTCrMTATCTTJUCTffAiUiTqOA T ACMCCT C TACTCMIUI Al ILAI U.1 II i lUa tCCATTCCftCACTCTAAAACCnqMC M i ULi A llrt G 

OOSRX XBLTrTYVSDCrLSSKMVLTSQZLBLVSSTL XXI 

401 TrTTrraiCCCCCMrri«7ritaiTAA tUU.i I HUrtLOOLL* TAI I i a »^^ TTCJ Ua^AAAAACXAT TCCTA CCAXC TTTACC»CCT<UkTjiTXX»TO^^ soo 
AAMUUtfTtaCCtmaiTaUUn'ATTACCauUUrTAOCCCCCAATAAACTW U illUl lAAOCATOCTTCAAATOCTOCACTATACCTACtAAB 

114 rSPAVVpNCrDPAI.rcXBKK0I.LA8LAADMD0S 140 

SOI I ! li I AI U luC ACXTAJUmAATTOGATAA M lU > . . I ULA TOATOftA UilH ItJ iATTCGA»TATACTCATTTAC OAA A T CClAl 1 1 lA CCTOAAAcf OOO 
JWMUU>TAJUUtfOTCTATTTCT7AACCTATTTAACAJUUUUW r rACTACTT C CI>^ ^ 

147 FrFAHXELPKLPrHDIRLOLEYSDI.BIIRILABT 179 

TTTACCCAATCATCCAATitfai : . IC 1 1 1 : ICLI AtSCTCATTTTAATCA CU l l U AiU^TTCAAAATCTAT 700 

crrJuuuu^TccarrrACTACcrrKTCTA)uu;uuuuuua;ATCcxCT 



701 TAfflUTC H ; i iU» CTTTA*A0 C T CC »AAACCAC»TC7CAA U« 1 1 LA CTATTC7CAACC 1 1 A ! I C I AAT Al LU I f C A GCJUCCr A I CC I : LU CAAAAATgT 000 
ATCTTACTAAAOOBMATTTCC^C Ci 1 1 .LCIUIA CACrrCCAACTCATAACiUnTCBUATAACATTATACOAA bltXi ILLA TACCIUIOCCTTTTTACA 

314 E SFCFKCRKCDVKVQVCCPySHXLOECHVRXIIV a4C 

80 : CCCAaUTCai M. IUJ UTTACarrrATckrrA CCU.:ulA AA7A ll^IC ATCACCfcAI>T^ 900 
CC LIO: lA CCTAAAACCTTIkATCCAATACTAATCCCAACATrrATACCACTA L l CU ; lUlA AATOCCTACTAACATTACTTACXAAATCAACCACCTAAA 

347 C0StLeLCTHTRSKYC0C0HLPMtVHIICLI.COF 279 

9C1 CCTCACrCTAJg C fC ! ! 1 1 ACAJ UlUlCCUXU UUUiTCCTt»ATTACCrrfc7ACCfcTrraUtfJTCA U.I ll*A TTT Ai I ! ACIUJH ILl lU ACCATCTATC 1000 
OUMnCACATTCCAGAAATaTrrACAaSOUrrrTTACSACCrAI^TCCAATA 

2i0AHSKLPTtlVR ENACLAYTI SSEL0t.F50rLRHYA.I13 

lOO: CTCeTATaUiTeeACJUUU^TCCTAACCAOCeTCCrAAAATC»TCAATAATCIUi ClU.I ^ 1100 
CACCATACTTACCTeTTTTJtfX M ICC T C C UA CCATTTTAeTACtTATTACTTCXOSAACrAA Al « . . I i l<X RATAAAATCTCtCIUfcACTCI>ATmCT 

)14 CIltREMRNOABKNHIIIIOLLOLKXCYPTBPELNO 34C 

no: CACCAACCA^kTC Al ILUi iuClCUl lUl l A CTTrgTCAACATAATCX AiLI ILAI lU iTTCIUCCreCTTAYCIUUUiTeCCTTATTTIMAAAATCTTCA 1200 

14? TKEMXRWSLLLSOOMOSSLtERAYOBALFCXSS 179 

:30: CCACAgr^^ AA^A Cr^CCA7TCC^AACCTTCAACAAA7T C ACAAJ^ e A T CCTfc7TTCTI^^^ I lAlul 1300 
CSTCTCJUUirrrrCfcACCTAA CJ ; :' .C)U Ufc H lU. . IA A LIU. . H.»A eSATAA*eA7CTCATCCATTATTACfcCTTTC AIUI ICUrrA AATCaumTACC 

)00Aeri(StfXARLB0:DKOA:CIIVANHVXLOAI YrnC 413 
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rig. 33 



(SEQ ID NO: 65) ^ c**iuuu^^awttt^ 
(SEQ ID NO: 66) 



ATATC»AC Ll I ICi I IJ UMiTMTOCMU>ClCrTJhe>CTCiUU^CCfcTAAA»JMU 



101 THOI I flAIUUUW TAft UI IUIC C mOO TTT * TC8C»C Mi01 I C C I Q TTT A T C COJUTOMUUTTTIUrrmCT CMAAT CT CCCJUfcA TTOACTCCC*^^ 

AlLALl 1 1 1 lA J>TT C IiACJtCOCT>CaUM^T*CCTCTeaU>C« C *»> T A U*Ll ICIA AATOlTOCCraCACCCTTTA 



(SEQ ID NO: 64) I 



MVY0BVPVyAllB0I.VVK8CKLTPKTS 



300' 
3( 



301 TTTCfciUTJUkCOPtfm»0CCri»A» T <MUICfc MW >* T TCC>O» 



101 AATCACAOCTIUgTCCAACIUi T AIUUMUUW ff ATOCTTAgJUiTCTaiCm^^ AAIUAA I l A AAAC fcWT C^A A T CA I CU lT A TC «00 

TT AC ICI CCA TTCA LiUA lUA lAUl A I liCA TACPUTCrTAC»CICAIUlTTTCftC AAUA AAliA SBMi T fcCTA ^ A A ACA AlA CTTTAOtAOCAAIAC 

61 SSVTPTXKKVNLSfOrXLYMSrYDLKtVKSSLS 93 



SOI C AACAibCATAATaaa^TCian-AAAgTTOUUUUUTqTTATCTOUUUU^TAT^^ IHiALALAAAA AAAUA A A A C Cfc>CT0AL7AL' n iU>AAA C 400 

C 1 1 L A I L AA TrACCCTACTeATTrCMCTTanrrfcaUtfiUaCTTTrrATACTCT^^ 

137CEDIfRNSKV0CMLSBItr0IC08P8XrVKOLTTGKC IM 



COl AACCTCGTATCAATCAAGATOAAAACXTCTATCCACCCM.LU1 . 1 ILAAACICL: lAILlLlATTAT 
TTCCA(XATACTTASTTCTAC7T7TCTACATAC C TC CC TC C OUUUCmCACACAATACACATAATATI 



ATAAATCACCCTCTTTATOV 
TATTTACTCCCMSAAATABT 



111 ACXirQDCICNTAASVLKI.SYLTTTQKKIMK6LT0 193 

701 CTTACATACCACTttTAAAATACCTATCTCCACTCAATOATrrTCC WU l l'^l l A TAAACC^CAC GCAAC TCCTACI CI 1 LLl AfcAAAAO AACATAATAAA 800 
OU^TCTATCCTWCATrrrATCCATACAOCTOWTTACTAAAACCTCaWCAAT A I A I U.I C 1 LC L A ICfc CCATCfcOMCC* A A 1 i i A 1 A C 1 A TTATTT 

194 LCTTVKVVSAVMDPPCSYKPE6SC8LPKKE0MX 33* 

•O: CJUtTA7Trrh-AAACSAT77JaTTACCAAm»TauUU>CAA T CT^ 900 
CTTATAABJUUiTTrCSTAAATTAATCCTTTCfcTi W*: : I i L. I A CACrATTAPfcTOCACTATTACATAACCCTATAATCTAAA Ui A AUUA IM SmmOCSST 

337CySLK0LXTKVSBESDHVAnirLLCYYX8«08DAT 3(0 

»0: CATTOUUITCCAAG AIU. ^ lyXCA rrATgCCACATCATTCCCATCCAAAOCMAAATTC A* 11 L. iCi fcAC A IC CC C CCCA ACTTTATCCAACCTATTTA IQOO 
CTAAC?rrACCrrrrACfcCACCCTA»TACrcrC7XCTAACCCTii U»: t M LH t a IA ACTAWWiAI>C»n C T ACa»U,CL a AtA JUTACCTTOOAtAAAT 

3«I PKSXKSAIieOODHDPREKLISSKMACKPHSAXY 391 



IOC*. TAATOUUUTCC a: : lUtCC TAO AUiL. I il,A CTMA»CI>CA . ! I T C ATIUrrCACCCAAT 

ATTA C. . . ; A CrTAAACACCATCTC^CAAACTCA . . 1 1 L. . ^ l AAAACTATCACT LULl I AJ M.U*. 1 IL 



TAAACTACCTCXTAAAATTCCA 
ATTTCATCOACTATnTAACCT 



394 K C N C r 



DFOSOR XAXOVSVKVAHKX C 



UOO 
13C 



1101 CATCCOCATCAATTTAACCATCATAC CU&XC: lUltAA TCCAC Al ALALUtAUAA AH A AHA TTTTCIiCrAAQAA l ALIUAI lA TCATAaa^TTTCTA UOO 
erACeCCTACTTAAArrCC7ACTATCCCCfcCAACI>eATACCTCT*A0ACOTAJU^ T AilOAAA^ ALA AA AOACTAATACT A TUCT A AACAT 

12?CACCPKM9TOVVY*DSPFXL,SX PrKltSOYDTXSK 3t0 



: 2C : ASA T JiSCSAACS»?Srrr*?SACe77ST»AAATCAG0CAACCACATmTTAA AliAI ; 1 1 CAU UlCAACCCA T ATTTCIUUUUI C CI^TCCTAAOCeCCTr 

TjgguuuiTTTACTAAAAC m«> I UA ALLCr ATAAA L. A A i iLUAA CC A TT C C CCCA A 



1100 
171 
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(SEQ ID NO: 68), .pff^j^j^j^j^j^^yyj^^^f^^^^ imuuixTMCTMarAtii.iuii'im^mmtmi 

(SEQ ID HO: 69) a» h 1 1 1 ix rm»a m tcrT GC it iM KTTnexmr^^ 1 1 ilulli 

101 OTJlTCt»CBT>>TJ^tCIMW«UUMMMMfcTCn^^ * ^ l *»C«AC TC0CCM CCattWOC 300 

SSgMOOfcrnffA LT in 1 i HI |j |fflUiTCCCICTSfcWTJUiTTCAT(OT« T i>C C fcM^ i IM. 

(SEQ ID NO: 67 iikk»ila8lli8Tvmvsovavlttaiix«t 2> 

TOTICTA I- JU 1 1 1 1 f Vnt W M ' ^V I K I * ■ ' * ' " i* *TrMm xi it.miil,i ll-i lUi ILl ILLLUl I i 1 iUl lU U LlU.! i iJ U^ LHU-AUAl ilA Tfc 
10TDDKSA*ODItKISIII.TA00OSA0KOVDOXOBOV8 C) 

JOl a«CTiTTC^>CCTC<M»IOn:TMI^^ MO 
CT0a«A*CTTO0JUaWTCM»TIOA*CCTTCW^^ 

Jt:QAS0SSLGAS ii liMi.QAK8RBI»BOBXTKLSXII »$ 

401 O il lui i iLitbi A»cciaTCcnToejuuuLACM C Cii »xj«> T c cr a uuie^ soo 

97 lVS8>08lBKO*ltSAe7»OAVTSyillTXVN8KS 13* 

501 MTACXCJUi CL 1 » U lUUJUlU I ICL I L.CAATCACTCJIAAI LU i A TI 

TA»lTgrCTTa»TAA»CTCC»aUtfC»CCrr*CTCACTTTACCATAai U^ I ILi iLl TriA 



COl <UUUU»CAMn'J««:AJU^TAATCATCCTATOUiTACrCTAATTCCTAfcTCAACAAA^ 700 
I : ;: . ILA TCCTTTArrACTACSATACTTATCACATTAACCATTA b > lU. > o 1 lA ACCCACTACTACgACTTCCTAACTCATC H I iUILLUlL TTCA 

1*4 KOVANHDAlHTVIANOOKLADDAOALTTKOAtL I»< 

70 : AAAA C gT C CT C AATTIUi C iCT ; C I CA CAAA C CSACTACCTCAACM GJUUUU^CCAA C C CrATTACA CCAACAA^ tOO 
TTTTCCUaHlCTTAATTCASIUkCCACCACTCrrrCCCTCATCCAw 1 . LLLL 1 1 . i i ^ . i LCCATAA tCI LU 1 1 C i X LU 1 U. 1 LUACTCCU I C tCCCACC 

I97KAAELSLAAEKATS- 211 
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Fig- 24 



(SBQ ID KO: 71) i ATom x TT On i iai ium iai i i iaiiX T»cnTOTi>ocgi> flCJirtmiri ' t^ U L A T m nj ju i^ii i ^ i s kusrj^^rtrikrmtiixx^ 

(SEQ ID HO: 72) ™=**™*<»**'**CTAATAAAAOaX»TCAACTATaOTanAJ^^ "0 

(SEQ Il>»0!70)lMtXAtLXILATLIO8IP9CLXVOKLAKCX0ia,H ,^ 

3S 08CNL0ATIIArftTLQVKAG8VVXAQDZbKaT|.A 

201 AACTCCATT CCtll llUL»IUA TCtTCAtATTCA lXLU,l IH >UJ»CUU,iLn iUJ OeTTTTAO(XCA a.iUI llO gAlCTTOSC^^ jOq 
'"^QAO'^MCOCAAAACMnAOCTACMCTATAAaTOOCCCAAaAAC^ 

60 TALPPLNKVDXB»LLACVPAVLCitV FD2»»..j. 

XT O BQA UULUm lUClAI i I lAt.MJU.CU .l Ul F AI I lAI CAOBATBa TOaiUIAl IHlUilLi I U lA TACTrC* 400 
WA UILClf l .liCA AAA rfi J^ T AAA AXl.U,lUJCUA OW T A* ATACTOCTACCMCOCC^^ 

lOlOGKAVATSaOVLbPYAPLLPXTHVAVPFXPLTLT 1)« 

lATBT t AACACOCATCTATACrC'rrATATATA lV TI I C T 1 lUlLLAm XTA CC T A T I lAl HVA TTCTO ai lA CCCTC C T SOO 
A 1 It. 1 UJ.lM ATXrCtiCJJiTXTATATCAA U UUUi. a ta^^ 

135 KPVSLSSNLTGXYTVtYSPPVaOTTLLXVVTLL 167 

SOI CTCT At 1 1 1 lUllA TATACACACW C aiOOaAACATTAAAOWATTATeMiTAAAACI^^ tB2 
qiaATAAAfcACACIAT AH.iHmUM,mM.l miAAl 1 lUtl IA AT M.I lAI 1 1 IMILI lUiAl I ILAl 1 1 lA OaUgATT 

160 TXPVXYRHRASlXRZXMKTSPKVKItL* 193 
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g«plOJ 
(SEQ XD NO: 3) 

101 ATfc^^TTS»OCTAATAA0C»Tt»C*TTJU»TAXATATrri^AJUCTAT^^ VU 1 A C3tfrT CC OUUCCI> »CTACCftCATAAAOCT<tCA 200 

TATTTAACTC CAr i A riCCI A C lL T J UiTCTATTrATAJUiTTTTCATfcCaCTnU^^^ ULti lU l UJUTL T Xl i iCLAlL; 

(SEQ ID NO: l)l MRLOKrLKVSStZKIIRTVAXCVAOKGll 2T 

201 AT CAAOeT TAATCafc AiCI IU;i.U UUUtfnTOU^a>GACTTCAAA<nTAAT<»CCAilCT^ lUAJ lATAA GI lUCiULI lUl A AAACTAC )oc 

TACTTCCAArrACCTTAOAA«XU, i 1 1 lUM* I lUXIUWCTTTCIUtTTACTCGrrCAAeTTTAJMaOAAAeOgm 

ZBIKVMGXLAKSSTDLKVVDQVCXBFCIIKLLLVKVL CI 

301 TAqACA T OAAACA TACT AauUUUUUU gAA C ATTCACO^ 40^ 
A*ai^ACTrgCr AALAH.i 1 1 i . A iH ILI ALUl LL>LH lA CATACrTTAATACrCA Li I lUiU.LLAlH iH 1 i lA CAC M 1 1 1 lA TAACATOTTA 

62 SMKOSTXKCOAAOMyEIZSETRVEEItV* a9 
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(SCQ ID NO: 6) 



(S£Q ID. NO: 4) i 



;3i <»CC>CJUUTOlgrTCTOU?7gTSCOUUWCr»e7TACIUiCTT7^ >LUAL>CWTCr TAATAC»CC rTrt>TCA sso 

wic«?w»i»srvTiifciiTPrMi i> 



:o: TT3CCMTXTTC*fiXTTCCCAATC5TACC5TrrTACCCCCT*? 

JUkCCCTTXTJUCTCTJUO0CTrACCXTCCCAJUUlTCCCC»T*CO»CC5C^^ 

30 GI»ItI?»|ITV|,A»HACVTIISAr»TIAIttOACL 



too 

S3 



aTATCCTTCXTXTaSRT 
7TCCCXCCTATACCILACTATACCTJU 



191 C^:iLiX <^TC C IUU MCC Tr :^« .. K C lUCCCikllTCaUTAaL 
CCAAOlTTX ^>.;^ ACafcC*CJ U.iU«.L>^.» ACC7TAT 

S) VVMCMVSDKCXOVWItEKTLMMLIIXDECSllPVS; IS 
•4C:.rCSDCSSLARAACr:3tNTKTD IVOXHHCCPV 11» 

SOI TauciuuaTSSTCiucAAcau c cTcsACcr fcic i ccc s ci uacATe^^ 

ACTTCtTrTASai C J 1 21 . 1 : wU ACgTC»TAe»CCC>gTTCe»0C<MarC7TCt>CAT^^ mi HXA OBTC>CXCfcOBfcA C »T»OCC 

130 MKZVKIICASANIILKDPOXITStXIIKVOSVLOIP 152 



ISl LTVKMKTSMAOrS LAVCMALAASAAeVSALANM 



TOO 
IIS 



IM C R T II C 0 



C H A D L C 



TXVAOALTXXPriAaCD 219 



•01 ATA7CCSTArrC?C CMC Aj> C CCAACCAACCCA7CCAACAA tH IU^VCC ; :; ACCauCTCATCA : I CCC e C ACCTCCCAT OCCAAAT CeTTALLACULAA fOO 
TATACCCATCAO UA, . i L . . A C L » . » « > >J ^ACCAC C A L%UCU 1 CA CTACTAACCCCCICCACOCTACCCTTrACgAAT CC A CMrT T 

220 :iiTVOKAKORItCVCADAVMXeBAAHeil»YI.PN 2S2 



fOl CCAAATCAA LLAI lAtl I IL AAACA CC A C AAATCCTACCTeATrtCACCr7T C AA C ACAI> taT CAAC A r ClXCI ACC AA CT f r TTCA^^ 

CCTTTAgTTGCTAATOUU U.1 1 >L. I tA CBATCCACTAAACTOBAAA LMLUi 1UIAC TTCT A CCBC AH.H lUIU AACrrrCCTAACTAATTC 

2S> QIHNTPCTCtlLrOkTrEDRNKIATBIIkKllLIN 

lOO: CTCAAA r»AC AAAAC C TCC aU.ilU»lU U tllCIXaiUCUUittU.IL^ 



1000 
2iS 



1101 AACCTACCACCCTACCACACArtCAA ULLLU. IIXA ATTCC M AI Wrr rrAATACTTTAAAACCeCTAA LILILl IJ UUHM UilClLll UA AIUCUgULA 13 OS 
TTCCATCCTOQCA ILUlLILl AACrrC C CCACAACCrrA ACtlLI I tLU UlTTATCAA Al UlU>UJ CTtCJiattAil ff riCICA C A C B> C rXMMIICBCI 

130AtTLAClKALl.OkKKA« 
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9CPL12S 

/crn rn Mn* o 1 • **ccc*o c*ccTCGJU u.! . .,\,^^. zxTkrrrrz^zjkMhBTrrArt»acriiCkcem .u a L..>,^.iL.* too 

(bLW lU H , . .U.UlULlLU ^CCTT C M»*CO C * CT *TJUUMUMCrT»TOMUTiaTC^^ 

(SEQ ID HO: 9) 

2il C7CACCfcTCXTTA*7Cgll Li .AI L. .L. .ti U«ATTACaUffiUgrre* g M> rB > lLl Ili IJ tTCTXTATCCT A LA CATfcTT tfiqu t Clui 100 

CfcCreCT*CTJUfcTr»OCtCJUl T llC»ACIUU T TCTAfcTCCTTATlCfc «. - i U 1 lU,tJ tfaUUUyiTiU;TTAT*CCIl T AiUMUUi a rcrATJUfcC»BfcClQMC» 

«C: TeAeCTTATCTCrSOATAACATAIUU C CAACM T TCT A.Ll .CIX I IUL TATA IXA T TT cic CCeATTATCAA CU T CCAICA CATACA UIL. . . I lUL. 1 MO 
ACTGCAATABACACCTATTCT A. > .U> I AACATACM6CCACTA7ATeCTAAA C )>CC B CTAAT3>CTTCC>CCTA G I ClA:LII »C M,MUUUIB » 

s:i T?sfcA tii * : luiU ATrrrcATACcrrrATTATAfccrauuutTgTCATAACATAcaCTAiCAATcr csAAA C ^ coo 

AAglTSAAAACACTAAAACTATSSACATAATATTSI U.. . . ] ACACrArrCrATCCCCATACrTACACTTTCA U i .i. lAAU>lAAi mm,HC 

(SEQ ID NO: 7): NiiLKVRosiyLXiKi« 

C=: C5eATC0CAATTAACOCT e ACCCAA7 Lw>.w A C S AAAAAA CTt :JM.ir; ! SLIA CCA UUUX I UlU UMtOOeaAAOATATCrATTCTCTCAtT^^ 700 

CCCTAggCrrAAT7eCCA £lL^L. : ASCS3AAA A.U«. . . . . .UA A? » aUU^ ICC ' lC Ci aM >a U>iliLU»L«lL>A TACATAACACTCTM»CAA 

ZSOHCINGEC :SrYCKTLVrVP6ALK6BDI TCOSTS 40 

*s: CTArrACAcccA A^, . . .4,: lu u^ccAAAArrArroAAccT a u^cAACM^cTCTAAATrreeA Ai iuiullail: «u:a ctatttataatcaaiccbc>cc ooo 

CATAAT C T Cea. .L AAACAA C . * . . > A ATCACTTCSfc Ul iL. .m CATTTAAACCTTAACACOOTACAACATCATAAATATTACTTAOOCCtCC 

«> :Boi*FVBAx;,;.BviiKKSRrtivrsc7iYiiCceo ti 

i:: ;T5CaAATCfcTCCA rr>ACA TTA7aA7AACCJ«:r7CC*CrrCAACJ^XCACTTA LneA TCAAC tU^lw:..UU ^OGATATCAAmT MO 

CA CW;. ; iA CSrAC B«a >ACCTAA7AC7 A. : L;*; CSACCTCAA L.t ACIiC^lC AATCAAOTA Li iCU CC ACl > » . >1 IUU> CC AC C AC UlU:iA T ALm lA 

i: CSIIIN:.NyDltC»Cr>7DLbllOALRRPAPAeyiN u« 

99*. 7AT CAAA 1 1 C&l LU Ufc CTArrCCAATCCA < ;SAA C CAAAATATTAC<tfUCCrAACTTACAATTTCACAC7CBAAAAT^ 1000 
A?AC77TAACCA U,> .U ATAACC77A C». ... , t ;A 7AATC7CTCCA7TaUl7CTTAAAl CIClO A U.l 1 1 l AA Al 1 1 . lALtCU t LA iCmCILUJ fc 

::STttRP7 ICMOCritVyRAKLOrOTRRPKirOVRACL !«• 

XOB; 7ATAT CCACfcAAAC TCtOtfTATITACTaC»S7TCAAACA tlCC CT CM.iA Cfc^ 1100 
.A7ATAC C T 0 1 1 1 lU ABRCTCATAAATCATCTCAACTTTCrCACC CWCTI CTTCT AI ILHI lUUUi iLACT AACBA T T»CC6IU iiLUlU U MBMCTO 

l«9 TAOVSMYLVRLRDCLVODICCTOVtAlltLAILLT 1» 

lie: 77AT ttCCOCAT T CCAA TCAOOCATC» C » C >AAA07TCrA CC 1 0 1 CCa i ACI A 1 1 A1U# 1 LtUA C COOCC »> r «lli>li n »C C CO*CAC CT TO»CATtArTAT7 UOO 
AATACreOTCTAaflCTTACrCCCTA LAU.Li 1 1 IU y>CATCCACfc0CCAT0Al»ATACO>0 6CAULMJULiLl 1 lHm«Ltf TOTCCAACtC T AA 'n U CTA A 

101 VNOtrtTDCORVLCVRTINVOtAftKTOOVOXXt 214 

120 1 C77ACKAAC0reaeOTAATT7AACIC^ ISOO 
CAAIUI I IUSCgCTCCAATTAAATTCAC77AACCI M i I iLIU Ui CC IUT77CTAAA LX.*^iLi AU UUagTCTC JttLO ACAArT AiUl i tAlUHJUA TTTT 

ai5V7«R0LIILT0LVRCLVR0r»gVVTVAVIIT»TART 240 

C=«C»9>^^ ^T«yr BAAAA C ACA C > ff > T T A 1C IU.UMW >aA e j> B TATTCfcA0A ^ UOO 
CCTCHCTCTATATACCRC 1 7 PI L1t*1 CI L' AATAI 
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2*9 S«I»CCKT£:i»C0«SIOECVtHYErSLSP«Ar 

AATACTT«TTTAocx c>:>.>..LiL:i.. tcc»G^T A ; aa r >;cLiuiiinux ^^ "o^ 

an »OI.«PrOTEVLY8CAVK*LDVO«SOIIL10ATCC JU 

c»*ccrrcCTX»cc T A» cc cw cu. . . > .wi. u : :uiu «ncrccATACCTATJuiTJu>ccTcrra»Twn^ 

llSVOTiqrAFAK,vKTL»CIIDIIPlAX«OAK»,^K, 

tl iALUtlAAACTCTTATCACTAATACrTCCA ^^. lUwwUl^I ILTt-lA AT 




3a2 P » T C L = D It L L n T : t T T V r E » H V T r S C » V t T L A 4U 

• 15llDLV»Uv tWT = ;.HYI0SVDIirPi.TA» TlAVV«LX 4«a 

li^CAAAACTTTAAAAAA^ Hii.llA ^ABBB^^^A jOOO 

A.l ^Trrr7TU^>wAACTC7T?SAAArr?TTrr5ACATATTATCATTtMU U.liii^^ 

44» T K V • 

4sa 

iSl^^i;;i^?SSS^i£^gSS:^^r=^^^°^ luu^i iuj iacact^tcaaaaacttta aot4 

.-C«»AAACTWXeCCArreTCCCCAACCrTA3GCCATKCTGATAC^ 
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(SEQ ID NO: U) 
(SEQ ID NO: 12) 



lAll lAi^. . ACCAA A> > . >L> . CMATT^CCTACTACCXTilCggrg 

ATM»TA&IUtTCS77 7 M* aaaS r7TJUTCCATCA7CCTAT0»»» f A MC fcTC^^ 



ATJUMerTTJMhCTC 



is: TTTC»GfcCgX?CTACC»70QlUU>XH TCTCr^ATAATJ^^TCCJUUU^;GA^;AJ^CCCCXTCC3lCJUUI* TTTT»TTAAT<JCAACATGXTaLCC I LA i | LUI U U^ 300 
rfcCCTTTrrAa^aUTA7T>TTJi U>. ■ . ,LL>U: AL SOCni CU.w. ^LiA AAATAATTATCrrCTACrACTCeHgyiUgCllCTT 



(SEQ ID N0:10) * 



naicxLissoDOviRc 



IS 



aci CJUUTTCCCJUU UIC C lWC ' ltJ UTCCeC»TrTltM fclU«;Ce i G6UC M fi l>( .*ll*t >00 
CTCPU m.L . I > 1 Ar C MS > C H C TTACCCCTiUUUITTO> C C»fifa H.> I L T lLIU UUCTJlCCTTCMU^»CTCWfcTJU»C>MffC>CCg^ 

l(0:CtMLSCWCriVVLVS0FMKVLSLrV08tyaLV 49 

J 0 1 T' .nCA TOQATA I lUiH It^^L. t J AA IOOI A A TCA LilJUIUIU lOCAAA ACCCCJ UU Ui I i L C AACeT ACCTATCA'W 
»CCACTACCTATAA C CAAA COO gAACAAA T TACCAATACTGACCA aU.lCCl I lA OCCCTTCTAAAOaTTCCATOGATAl 

SO LNOICI.PI.rNCVH«tC0CI»KXSXVPINrL88«O » 

4 31 COUgCTATaCATAl T U J Uli t XU aTCAATATC SCCCCCG ATCA L. 1 lUlP A CC AA U-L 1 1 i IUA C CACa m*H L. 1 1 IA CC rAACeT T a UJ(JU. l ll» 900 
CCTCCCATXCCTATAACACTACCCTTXCTTATAC CCC a ^^ C ; A CTCIUU^CA L A 1 i H#U <U<U C gC*r< CU i CCi^W^iUww T aKTrCCaACTCCCSftAC 

• 1 OAMDIVMAtHttCAOOrvTKRPDOOVLLAXVOCL Hi 

TATOO I Tl CCfcC CTOAltUUMI Ol T lGCI OCMUai l T ULmmUl lA I CCT CJ UCTfcCCfcXfcTCCKtCBIiT r TJiCltT TM 800 
lltL«llSycre>eCSLLCYACVXLIITX8NDLNYO0OV 1«> 



80 L TCrTCAATTTSACCMCAATCAATTCCACATTrrA LUJUlU. >A. I lU UiOlT C CAOCCfcAaiTCCrAI X J U JUi UA CCfcCCtCATCCaCOAACrTT PCAA TOO 
ACAACTTAAA LILiUi ILI lALX IJ UtfgirTAAAATCCeCAaUffAAACTCCrA U.IIAA.1 iCT ACCATCCT UJU.lU.iU^ ^ 



MLTKNErc 



RVLPCIIAOIISVAllDDLMaCLHM 192 



•01 AAACCAAtACCSTACCPiTTOAASCA I L>L : . ^ TTSSAAACAA » 1 ACCC7 A«HU^^L> JLLUIAUILUAH 1 1 i lAILI AiHULl I iU . 900 

TTTCCTTATCCSATCCCTAACTTCSTACCXACTAA L^: . .U> iA AAAJtA OT CCCATACACCCBAfiC CC A T CACCAOAAAAATAOATAr- 

2l8RCSCyCI.RllA* 



901 CCA iliL»«UILll A CR:UU i U.,,.l A :.:U.U kCTCTACSAATTTA Cl lUHLiALl il, tLi iUlUi lUHt iUi A A LLA !mAl U AiLA &000 

ATAAACCCTCACATCCTTAAA TC AACCA n A T CAAAAA C AA C IU> C > C AA C C>8 8r>T n8C T > f7A > T AAAAA CT 
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(SEQ ID HO: 1 A) TwiCft av rref;^ftrr.Ac r\ A rft L», .^^ aiTT7TACCTJUc*AycTCOTAT cce<ji L> » . .uiCA Ticxci ; ; ^ i tAA»ccfcfcccc r * c ciufcc cc TC loa 

(SEQ ID NO: 15) A .UL>UiU l CLllUC.U...>>.M; UJU:SCCTJUUU^T UA..^»..UU ACC»TACCC7T^^ 

(SEQ ID N0:13) l UPTCTTIITr.ILOKKAOIlATFVXOrrKCTtATL J> 

»4trxir«LocvsrLircfci.*vio»TrpiFAcrtoo «7 



«• itikVfcTiJkCvxrcrA»irci.TfL*xxrrGLSTLBS loo 

)0X TATCUTrrdicTGTCrACTGTClhOOakTCU >«« 
ATMTIUUeTGACAOkTCftCllcraTCBTJU%tAC06C0C»CMT 



101 HISbSSVTASIAAV 114 
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fSED IB NO: 17) : CTAAACCTJUUTnaATSAAJUCTJ^TJUUU^TTJUUTSCrCrATCTTXC^ I . U . L I ICJ ATAtT fc I 1 1 . i LLLA . tt I AACTCOACCTATS 100 

isS ID H0:18) "'«»'«*»c«*crTrT«T™r^«»«.,«»»^»===...«»c-»^ 

(SEQ IB HO: 16) ^ H|(StlCLH*LSTNCtKVLtfX2rrSl.T6TTV 1» 

:0l T w^U.L!U:LIIUJ ^COC»JlCTCIlCT AItX:iALIIU UiCTCACTCCAC^ JOO 
ACCCCCCACACAA LL1UU.1 lU CTSATACOU^TgAACTTiaCirASCTCTOTAAAACAC r AAAAA G ftfc rra aAAAOC^^ 

JO AiVLOllTDVOTFIISVDTZLSrrLPrATVCVTIIY €2 

701 CSSTTTMOOCCniTCmMTCTCIUUaiATAACAAiUU^ 

6CCAAATTCeOCJiTAGTCATTM»CTTecrATTeTT77TTCTACAAT 



} 0 1 ACICC I LTCTAT& I t.Cl I AGCCI AS CC Z 
TCAOBACACATATAGGATOCCATAI 



AAACTTACCTTAeCCACTTAgTTCeACACgrTTTAATCTai »CACAAAJ>TCTrrrCAeC 
SICUVNEALCNVSrSFTKL 
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CV^t\ Tn Mn> 9n\ tUllJUlA TITA CailtA TCCJ lf i ICAL^** TCTiU^TC ». J . . i* TCC>aLxCCTC30<»C»COUSG» C e*CCfcl> T gr »lU. : I lUitA OCfc Ll tULIA TAC* X90 
dfcq ID nU* CC>CCCTJUUlTCCafcCTAeCTiUU>CTCCXTAat7TACTJUUUaTACCTCTTCCI ^ 

.:SEQ ID NO: 21) 

101 CGCJ«rrACgCATCOtfSATTCA>UUUUCT77Ti>AC0CCCi U « l Li t-t L I Ji I LC» OU CC l C 7 A T CT > CTt»CJaOCgCCfcTTCCC>ATCT»CATCfcTII.TCiiCT 200 

c cciC A»a.mAemcii u u. t ciuuu i r; Lu c ^:u fc »a iocM T J UAu;iUJ icfcTJ>cfcTa u-a>i iucu>C T>AcccTTmTcrACTATjfcCTaii 

SEQ ID NO: 19 )i moxoksfkcospycxlylvatpighldont >o 

301 ! : !LUIULiAlLU U»CCTTCJUU^CAAO T CC»CTGC »l lULlUC14a aSXTACCO0CAXT»C» tAiULl 1 1 iUCi l^ ACCRT TTT OAQ Trr C CA C ^ >00 
JUUUXA CC ATA CC TCT OGA » j>> . . w 1 1 U lCCTOCCTM a a^ CC I> C rCCT»T WJU,U I lAiUiLLLU Uk»A CC > CT TOCTAAA»CTCT*A M^lUtlACU 

il rHAlOTLKCVDWIA*. COTKMTCLLLKHrOISTXO C« 

so: JU»TCAgrrTTCATCACCXCXATCCJUkACCJMUUUl» 7 TCCTC A I iUfcl lUU* 1 IH HJ UUmcaCC5 CCmU U »IAI il.Lli:ftCUrC t CTOA T Wjm.l i i 400 

TCTXCTCXJUUUrrA C 1 LC * 1 ^ 1 1 J U.U I , : L! U > AACCACTAAACTJUl C CAAAOAA Ui i i LUA LLUUi 1 1 U CTAACBAin rC ACJUSAPtAOG C OCIUU 

ftS tSrMKHMAREx:?OLI6PLKAC0SlA0VSOA6L .91 



401 CecrAeeATTTeAOACCCT GGlUl ?CAT?TASTr AA CCCa UC; ' :» TT g aS C AACAAA T T<^^ l LLJ >CCT ACCTCT CC>CC Il Ai I ILILU, SOO 

CCCATCOTAAACTCTCOCAC C A C TACTAAATCA AI iCCUICO ATAA LlLU lUXIA AOgTOUiCACT C ACAACBTCCATOCABll CltlLtl AA AAB » 0 

90 PSXSOPeilC;.VRAAIKICXAVVTVPCTSACttA* 1)0 



401 A t L CI L fcA»qAO CA: 11 L. :A TCAATCASCra :CaVLI M iC A C fcCI W,U. HIU AAAA T AT 
TACCA Cl I IUiUILlA AAAAATACrrACTCCA5 T ACCfcC AAU*lLH;m am LLi I i lA TAl 

ICS P t 7 Q I ryCSPHBVAOTLSIINLCVYGDllSVVLVR 197 

til CSAA TTO C CA^ tOO 
194 CLTKITICTORCTISCLLSStSCTSLKCBCLLX 3)0 

OC: Srnau>CCTCCCACCAAACCTCTCC>C C AAAACS» T CjkCCM C fc L« ILl ICl I AgAAATaaACCCCCTATCCACC4A n f y »T C A» C AAAAA TaUCCTA 900 
CAA L i I LLALUL 1 LL i i i CCACA Ct 1 CCT L ' : I . At 1 LC 11 UG AACAACA A I C 1 1 1 AUU 1 1 LU. CCATA U»im 1 A HXIALA 1 Lli I H AUl lUU AT 

»lVC6ASRCVCCKOECDLrLeXOARX006NltKIIOAI 344 



90 ; T T AACCAAA T ACCTAACATTTACCAeT<aMU^TAA0ACTCA4CTCTA CCCTC CCT A CCACCACr O 0C^ 1000 
AATT wL* i iA TCCATfCTAAATOgTO^CCTT A rrgT CA CTTCACATCCCllCBO AIUCfeC TCA CtLA ILA A A A lUA AAA i ILLULAViiLLIA atTTATT 

3«> RCXAKITOWMRSOLVAATIIDMCBSO* StO 
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(SEQ ID NO: 23 ) i 
(SEQ IB K0:24) 



ATGBCROGTT 

T W CCC M COmi 1 * i i > A tLft COCT T >C C ItCJUU> T TCl>OCTTaU W > fTn» C W an*t^^ 



101 

(SEQ ID NO: 22 ) ^ 



NOKKYKKX 8QOLGVTI.K0XDT 



200 
31 



301 
23 



VL81TXBGATZ PPXARTSKOHTCSLOSVAXRAX X 



)00 

ss 



ATTGCMISIUUSC 
KTTOU LlUm ILCi lA A LLI lU iUU 



401 T A I m JU. i 1 UC UA AAAAT rACCfcCA CC I X Q AAGAACTCT * I L ; : CC U AT AAOOAAAA LiLU I U# I A CCAAOqCAAC CA Tl GC CCGT J AA CCICGA eTC SOO 
ATACAATCAAO UUL* . 1 1 iAA ia S TCT U CAA C : . > . I U ACA T ABAACCAA T A I i LLi 1 * i LUC AOC AHJUl 1 UUUl 1 U>rA AC CGGCftLl i ULJ ICCTCAS 

09 :LVASXI.ADVEEiyLPy]CeXSSTKATXAIteAGL 131 



SOI 
132 



I . > LLl L : : U. ; Lt U « OA i 1 : i UJ KCAATATAaTTCACT T fcCfcCAAAGAA CCT aUUU UJ T rLVrJ T trm it h f s rt ik 1 1 IUUiA CTCCCAAOCAA U.L I iU A 
AAACCIttim CC H g Oftl UT AAAAOBTCrrATATCAACTtSA Al i L « . 1 - . . UUA CTTTTCAACOeACA L ULL lA 



FPLARLILOK 



OLERCACXPVCBOPATGKEAL 



«01 ta; Ul t»CA C77CAT At , I lU>ia. AACCCTTATCCCAAaVTCTCA LC» >>-..U« ILiA TPUrrTATCItfaUfc C T GC T C ACACACTCTAI ^ ICItA 700 

CGCCACC?CAfcCTA T »UUU^ C CA aC T laX AATACCCrTCrACACn OT ai ^ C^ itA eCA ClCXG l OA GATTTCACTgAACACT 

ISi CAVOZLVEALSEDVTLllSHTy0BVI,|IK8XLTS0 

701 ACCCA^CCA T CAAA CTCTTCAT CfcAAAC CRC Ul " : . : rtA toTrrATTATCATTTTTCAaUsAatfmGCI^^ 000 
TCG L. .L..ALi I ICA CAACT ACi H .JU.L.A AAAA CT CrAAATAATAC7AAAA M.lLJC.A ; CA A LH lU ATAO LHUJU WACCaiTCeAACaaCRG 

109 AXDESLDEKOVFOIYYDFSCTVGTHOOYIITLAL 321 



2:2nr6Cklcvlk:cpematsii 



APrATRFXVXNAY 



900 
3SS 



AT ATTCAT CAA O I I U « i CA CCAAT CtJCTT AACAAAAA U* « L . . U.^ i L CTATTCACCCTCCrrATTCCaACACAATTAACT C ACAAACCTCAAOACCCAC C 
TATAACTACTTCAACAACTCCTTACCCAAri!;". . 1 . .LLACAAOCCACCATAACTCCCACCATAA &.HU.H lA ATTCA ClCH ILUALI ILiLCUlCC 



2S( 



OEVVQOSVKXKV 



AXeRRZRTELTBXABECA 



1000 
200 



J 001 TATC»A Lll«>IILl LA CAAT CTCCCCAATC7 C; T CilU.>IU,iUA CTaAAAl lUlUiU .iM*T^^ llOO 
ATACCTTCAAAAAACACTCTTACACCCCrr^CACCACAA C CAACCACCTCA Ci i ILt.ULUX A Ca UUUA C CTAAACTGCCTCOCAAA U<lA TC ICCA aSD 

209 :0l.F$DNLRIIULLVAPLXCBVVLOFDPAPRTGA 221 



1 10 1 AACTTAC L I C ' . ' CU I LGA T C CAACfcCCAAAAAT CCTC ACRAC TCROCTTATTT AI LLIU i I A AACCROCATCRG LUJU IIJ UUiT 

T7CAATCCAC*CCACCTALU A i U I LL 1 1 1 1 j ACCACTCTTGACTCakATAAATACC^CAA 1 1 lUUA UUrAUnWOUm T I A C Ll 1 L 1 1 LLUl 1 LU IL 

n3KLAVVDA7CXHL770V:rPVKPASAR0ZSSAKXD 



1300 
J5S 



1201 ATT TAOCfcCAT rTAAi mtoti^TACeCTCTACAC A TT AI H^LAl IIAA AAT rg M CC CCCACTCCTCAAACTBAA LLi i I lUiJWmMflfttr riTTmvA 1100 
TAAATCCTCrAAATTAACC»CTTATCCCACATCrgrAATAACOCTAA I.Ll . i ALL J iUCUiU»J ttC»CrrTCACTT CC AAAAC fcHJU.H AU UtCACTT 

l&ft :-ADL2COyGVCtIAIGMCTASIB8EAPVABVLX liO 
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1101 AMTTTeCnCMGTOSCniTSmTCSTTMTGMUIBraeTC^ 



TJiTTcxRanuACTTcerccTCMQieTrr 
BCfterecrcjuyM 



Itf OryKVSTVXVNtS6AS¥YSAStLAKOCr»DLTV 
4aiKIIS*XSX*BftL0D»L*KLVKZD>KSS0VO0V0a «SS 



Tccgto o T CACiCT i ei : it 4i»cAcgcrci«fccCTaMyioui CMCT afctCTa^^ 

4i» DVS0KILSCSLOrvirDTVV*0VOVIIV«TA«»AL «tt 
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<SEQ ID HO: 27) MCMeeesnrxxcMMtAKi m 

(SEQ ID NO: 25) 1 TCA«WtT»Wl»»«»rLBllG»VKI»«AL|lt*Xl» „ 



iOl JWeTCTCATOBIUkC»TO{7foCCM»TRTTCnUTJUUT 
TOCKCftCrACCl lUUlACOCOSTCntTAACKmr — 

j«ftsoiTNvjkOiviiicv»riarB6oe>TvsTyT6tT ct 

aoi CTOOCTK TMCMCr cTerTo ocumuuLi r mci»ceet»cciiTWM nti i luu uOTMCBaahaCTiBeatocerTauiT^ iiLuiu iqo 
ooBQMAnci II ' w i> fi M ccc c e »cBfcCfc*fcjaimaaa«BBi»fcgTT r ^ m 

Ca *TllltSLCCAVLNPTZBALOI.TCIASL»lillVT«T lOO 

101 LGStlXVPRgOKXCLirTKHOYIITtlVDllSVTS UJ 

MOOCWTAIAftgrCCS^?AACTC»TMJTTT»eCTCCTJ>CaiTTCrMaTOiA 

i>4rsiitr« :cTo:DiiiiitxapvjkTrt>TtyH»avKDA »« 

ccu»T*GCC»CTccfccerAcrr>rrciaMcrrw.T* j*w,LiAcii^:A ^ 

IM F I O E V c C • xn 
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(SEQ ID KO: 29) l CCCTeT WWAACC T»Craa>a>CTCfcT>6»l t MaU CT>C TA . .A TCCOCJU WIUi r iOlUJLLlUX MlWATMgTtSrr 

(SEQ ID NO: 30) gaoc ^i >u^ ts*gg7gratfTATgrxcss?TSfcTSATWJuuuci»fiBuu^TJ ^^ 

(SEQ ID BO: 28)» hvvquotipa 



10 



101 CCHOiCimwmji*^* ij»OPlT 
ATCC7A; 



TATgrc r a a O BfcCi UI LAIJU l Lli UtC O UUU T M A> Cri >CrTCIACatf»ClUTCTTCtTJUU>C 



11 » II B 6 V 



CPtPtZIIALBVOHrTrOOBCVLOBPV 




IC7A0ICBCA TCAATACTATCAAA7T7TTCi>CC>AgCrAAATACg;q U,l^ 
DOBSTHTLXTCHlTBteYWYTLOKOeOPDIklli 



SOI C »CCAAC T 6CCTCeaUAA CLIHJIM MWDU m TOCYACTACC 



sa ccs ac c a T a ^i *wiiiC CAAA T i r .aii rc > f 6At 



Its ftTGWOHLCNKWYTLBSSCAnVTGHTOOCLTWTT 1T7 



«0: CrTAAATCCACCTAATGCACACA TC fc H n i> C i U.L i lU.. i L CAACTCAATCCTAACICCTACTATCCCTATgArrCAC ClCC ' l i lA CCTPTTAATACCACA 700 
CCA7TTACCrCSAT7A C ' J:C ' : AC . 1 L : 1« I CC M CC M0a 7 7«Cr7ACCA77CACCATCATACBCATACTAACT 0 CACBMU CT C0AaU fc 

171 :.HACN60N|CT6ttPOVHCHttTyAYDS6ALAVIITT 310 



7:: C7AC6TCCT7ACYACrrAA^A7AAYCCTCAATa»T7AACYAATCAACCrYAATTCTAAAC^ 

eAYCeACCAATOATCAA?rrSA7A77ACCACr?ArSSAA77C A: . A^n C CUA TTAACATTTOACACTACCIATCWtCAAACATATTATOCACCIIiTT 

2I:VS6YT:.KVK6EMVR* 
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CSEQ ID SO: 31); "»«^«««*«x«orifDDTtLrL*D«rLiii?,/ 



101 *T 0BiUCM.T »CCT 3lCCtJUUUUUU TTCAACKTCrCt>T 



LA It. It. u mnrw ftiic MC TTAaTAtiuaifrc 



M tStTL«KK|g|VTSOtAKTetrttC«»PrilKtTD 



0>-I.STtVTL*lll.l*KIIPtttl«bKTaDLtPVOr 



lea 
ff 



■ ji.li , , ^TTCceci nn»mM *cctTo«c«ceT O» *c c iiaiuiaTTiUT»ATc^ 



112 



ilJOIIKtfqrCTCAO«ALV»|lto«ill»IILlt«|ll»Y„ l„ 



[fl iii I I if>nniftnTrni Tn iannK » ir- n 7i7ifc>i i iiiri » ri M >i i i 'i 



V R I S » R K S 



RtLKKTAOR l»> 



. . ACAMAI lU.U : LXACr*jyU0TTAMaTTA6C7TCCMRrrrACTCCATM 



ATBMTTCTCKeCTCM; 



AtSriiT0Or0f0flCVKSAIflllll.Ct8Bji.spj 



-900 

aj3 



aJiRiAHDiroufc. iTAiiLSfioovBiAvrirvofotx 



A*C7AS58TCftCCS677M1 



>•» :^*SHOLRKFCItOKLSLS 



- LTAArtyp-rftYy^|;f^p(yp^n 

* .,.A C ACCAA7ACr7TACrrrA»CTC5AC7> rC MCCCrr»7TCCAa»T»CTTC^ 



CtlltV»il|ivrODAK 



900 
299 



«i»w»^.*AA*TAccTTrrccTrrrArrrrc«AT^^ 

SVCr;oi»tKCTY8ILlI|IItDIOSK» 



S31 



110« 
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(S2Q ID RO: 35) I AMTCTecTOT>fcTOci»ffluuyuff»CTTPTOCMcrTmT^^ .,. ■ 

{SP: id JK): 36) 7TT»c»auT»TT»twTcrrr?»7BMCM=a^^ 

(SEQ ID MO: 34) 1 "*:rrnirt2vcvttt»iv 



1 00 

it 




TAATAJICTTSCQUUI CLLU lAlUUi 1 > mj ULCCWTATCCCOiTMCr*TAMCCfc 



300 



a 3 1 TCL^. 1 1 ItCOATTCACTaUTTBCACaUXXUT 

. — . . rrju MjuiuufVLUJ uuiTouo 



S« ^rOS»SI**KI0LKLL0S9IVV|TKTKD»VrVN tf 



CT » rrw; ft» firn > n MC*C M 0 C 7TTTA»Tic6A»cci»cr7Jua3ui> ci itiA Crc n i ww M CT COU uiiuwu^^ 

«0OAt>fSvrKtTLOll.r«K»OI|Jkl,IVO«OVAt«»i 
144 '-VeTltVltTtrTltVttDAtVKOSHIillMfcAOO 



700 
21* 



m:»oc»»«j»B«t»tjiTtt»t»iivonT«toi<isi nt 
»»• 0»LDTLiiTr*iicciioTxrtriiT>«cvDOi aoc 



n <I C JU> C AAAT IU^T ^CfcC riUT» C . Li « UJ UUUMV . » , ■..njn_rnj 
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(SEQ ID KO: 
(S£Q ID HO: 



•aptns - 15 - 

(SEQ ID NO: 37) I l «« i o r i t « i b c i «•«««,» u l c sa 

TT»*t»C6fcTTC»TM»iUUUlTCaaWT«a*iUUaiT^^ 

<ibsirLrryLrvvvLct.TitSLirTooiiKgxL ts 

Sft01tnOKIirHL;.&rLSVSTVIStl,*OHIIIIOLVAtVa ■> 

4S: e m u UHAI l IM.AA1 t. UA CTAtOlCTCS Ki 1 1 lAILLLA TJUU HlLH ILUAI lUAl 1 1 lUJ fc LiiLLiU lUll lU^imiUILl i UO 

•e HrLrTtprLMvosiiiaiirriLiborvLresvi. 122 

»•» Ctg CC JU. , : . lt.tC> CTTTMMUtCArrr;3UUlTTeT C» » fl »M T TTIU U.Ii l lLL t J 1 iU ^CCOUlTATB CJ U «llUIU^IlJ >CJU>CCCOCCA MO 
C>CT m»rr »»>ftfcCOCTCIUUtTCTTCTAAACaTTTIUa U.il^.IIA AIiTTCit T a fy ■ i iiiLi 1 1 1 ? ^ 

121 SAAPASLCHPCXVIIcrMVAPtSPIfNOVIIIIOVBA iSS 

CAACnUCr TT C: I i AATCC7>A7TATTA7CaULTrA ,.lt.lU.i^wl L. 1 A TTATCA I I UL . 1 1 H Al L I U I U » r M> CC > C OUWrrO» Al ILUl ILA 700 
Crre»gI0C»»CA»A T TacCATTAATAA7Agi;TTAfc T>*fcr>Ar«»*n»r^T AAT*.r Tairntt*ftaT»rfcra«» i t.ii i i^^ .f^ ^^^^^^ 

lS(CVTrP|l»NTTCZ ICCPeiniAPVLrTTTKLIiMLK Mf 

»^'^*^'>^Tr CCAU«L . . :^..A A;».>. . .LUIULA J M.! I IAl.lU UUU^TCCAA «-ILL-i 1 ■LL.U-iAMAlLLJ. r TPtTftgCTAT TnTCTA WO 
??CA.AACACACACTAACCTCCCAW^r r »C^AAAC C AAA CT 7CAAAT6«g^^ 

If: vpcvtAcrvKLrcLitrTOiiiiTArPAtiACAtxy saa 

IHlHrn^^^?fT^TT^^ty^T ?^^*°* ^ a^ TTCCrTTC* ui I ILL I^IAUAUAI . i ecmUZTTCCfc ooo 

»2> - ^T7:KM«KAPH|.StevrASeLSrLP«SOI,QVIt tss 

TACCCATCAAATCTOACAAOATAC C r : J l^l AAACATAiaCCCTJIC^ 

ssftRCTtostRgtftisiitoAeMALPiioitrpwotGrLT aoo 

**** ^r^^ TOfcC TLl IAia.iugATmCA ja.iL^. lA T lA TCAAatTCCCCfceMITCTTTOTA UOO 
GOATATACBTCACUATMQMCCrATCTAOBAaMTAerACrTnAeeGOlCTCASA^ 

JfC VRHSTPII|IAPTHKHAIISLVIDTXl.SyCIir6TI 222 

AAATAAT rM »ft rw >i» n i> C M n;Mv; i» r»rrr i % rv urx%es:TMTmSSS^!!^ j^^^ I li;^ 

"> -I'VttSVAPVftLIINONSgcsORtPSXCLTbtrL MS 
JMTVVAVNCI rDLALFWIOSCPIPLLVNCStPLAb JM 
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(SEO ID NO: 41> • ^^gg»CTW»! ciccl irorxcnouTToiTQuuM iiiiiccuiu tTOiuutTTetnCTAjfca u^ i lu i cmu u m-ujuiu i lu,, u aafccccecTMA toe 
(SBQ ID So* 42) - ^ " w: ^^^ t » JMXSAaexJaG^JmMeT^z^ a c McqcrrcTccCTlTCT 

ATCCACft'CSIf lUbAftCCfcfcCmOCCfclLlWL'l HIULUJH HJUBii lLTIH Um im 
J ttftOBIUUUUiOCIJUU XC I il fl > M l fW iCM? 



(SEQ ID NO: 40) 



«C1 TCAAlC r ftaafc C AW T AC»CAI M.ilLi.inaj >CJUtfriCCI>O MA4. soo 

hcmc ^i li iL. > , iK fcii r ii>M* cc ycrTCM UJ*iLiuAi we>cj>cio>cei>ci J > cCTCTC i r > m»aPo i o i>g»a>ai3>AcgTautTA 

HVKEHTELVrstVAIASLSJkliaCSeStPtVIAVI 

.1 ^ : : L:>UL ^ J ^ ^«l L > i u i i u iT>TCcgTo<uMUfcTecTCTJuiJMr3u u i 1 1 liwu^ uuultj^tcjucct aoo 
fi A» rn» i> fV7cn >TCO>aucT>urr»TJugcxcrrrr*ccifcotTC» > 1 1 iK XhCTTvan 

>» *»VOVrT*lAt-FLCVllllCEIIllVOKri,lKriA «T 

4r: 7TWWTCCACATC7CACT7SCgX7T7S»; lt^lA; ;.T: UU UJtf»O C TJUeCTCIuUc Aitt I lAI l U kATi U.UI luil l Al I IL.tAX CC3aT0exCT 7©0 
AAT7TTrrAe?T?7ACAC7CAA»CTAMCTAACai7CaAAa7777C7IXATTC^^ 

»ftLltDRDV?MHx.:e7:.g|ieitVK0V] QYVDVPNALOS 101 

cACT WCC T xscfcccccxAA rrc^AAAAyAACTeACce*^^ lU U^^^AA*TATrTC T*^*^ V 1T ^ f^ ftf Tr ^n^ c»LlJUll ... .[ too 

V|CLACC:CK«S0PVIKCrb0VNISEKBtXII 6PS IM 

CAC^^AA CTSTT CaAA A . ^ . .wwLA CfcCrr»SCg»CACTACATJUCATTCJU^TI HUl IU«I I ii UCTCfcC 6fc ICC a M:CrrTTCJU3DCTiVCayg>C^ MO 
rr r? l-; r r : ZZXCCXCCTT Z WA* CCC T J I I ^ATC CJ T ^ l lUTCTATTCrAACTTA T AOU tf CAAATTACTCCTACCCTG C AAAACTCCeATCCTCACTC 

:J5 *KCL-C:i»CL*i:.0ltlCYV6LHTNArrKAtfC 

»C; CAC7T CAAACA<^ 7rr7 gXACCC CGCCC»ACArrrACAA<» C » C » A ATTakA C A6AAACA»^ 1 1 ; fc OA C CA C A L I tXLLiXLB TTAC 9»» 

CTCAAC. ; 1:.';L1AAAA U» .L.>U.U>U«; TCTAAA H,. . »w.Ln« JU U>l ILICII :UI l li UtO0TrTATAO0aAAA lLIU.XWlU M XCC C3 eCa UtTC 

ift»c;.xK: rRAAccLoatiocRo: ^NMpLiiiTcciir aoo 
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(SEQ ID BO: 44) . vT^mc^Tmcrnr»ccm»Mrr^ .^.LUiu ATOfcC MiHuuiA Q BiAi. l„ 

(SEQ ID HO: 45) c»tcMptmao(noMWiTccr»7TouuiTA*^ i« 

(SEQ ID NO: 43): TPi»LtAvtii.rTf«prori.vL»oitirefivii „ 

TGAAZAAOOrATATATCMOTTTTTAOOCTAMACMTATl 



l»l 0'»t«»rLT«»L*0»l.afTI««A0OtT*Tt»A0 »3> 

CTaXRCATCKSMC0CAATACTTT1VTAAC7TTATaukCaCT?CTiyifcC^ 



(01 caceereQoccATccmucTTJiTfcCTAr 



CCTeceWPKXgrACCCTTC»ATATC»T>ftC>AAC» C>7 COACCTJUauUK:TWJKa^ 

''01 cc rAC>o e>.7Taoc>ccTeAAcrTaT*Te>eeTeg tA^ l i A eiM!i CTff^ftftmnT T"^fi'n'ivriifsi\ *» ^ ^ 1 

0MTCT0CTM.?Cgn»*C7TCIUlTATM CT l> C *I X CiU^^ 

101 c*ce>cccfctTT B0UL T7c cccMC» *TTci»T7j«;griirt^^ iA teacea mLJt-i ' > i lAi^^m arCTT 

e7CSTCCBmM6COBMCeOBTe7rrAACCTMTOaA?Mer7C»7CCAAm 
CTAtt«BTTOB«aT?TTTTTATAC*CCTTTT*Caue*TrrrACTJUCTTJUtt 
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(SEQ ID NO: 48) gTTACACA^CCCCrraAAAAATCTTTTCTACXACCXl. >, aumTenSM! ..-iL >.l* A* iJ^..iim i ii i>i^^^«.>..^CT JtCT£c 

(SEQ ID NO: A6) & mm. 



131 CAC>OQ»T T * n » C AAa^ c n(.i,^ ft M mjuiUJ fc LLU»tL. . ■■ ■ LUi a n i n aai c TctTTutt 



^oc»»A*wcr»c»cmc r » iyT >c c i> T CTcrJiTtcecTCJ^^ 



10 VL0KLirtTrLr6»LTISLSftllDav»TIIV|lt0k& 103 

"*y*»cCTwgccT>aagrc>CTcaeftT*CTC^^ 

io)TioPiitrsiir:7i.oLtaKTertsc»»*iris60As tjs 

sc: cnceTCTMCcrrTCMnMTTCTefcaiaia?-?'?^^ uj.ttrary nj ■ 1 1 ■■ ■>»i^P ^^>;>r^^ TTo^^^ t L ^^^^u_ ^ mo 

ll-r CvrPtOILIDrOOtVLCtSDOArLTCODSTXVO Uf 

t*B>CMOII<aAAAT CTT>CCCIUh CBCBCI UiT T ft>>fc On a C JU>0)>T »l tC T T? ^ 70O 

u;... iLLAetTTTm »itui: .cu cecTT M. . .ul.l: :ctJ i T >ii i» i >cc > r . c c wa i cicici i>»>mMuu ^ce T caM ucm>c 

1^0 LSeORVXSLPXAOLMtRXrLLCCOirLLtftLKM 303 

CT MfiM»T 7 Ttyi >K n KM« C»TCt n iUU> CCC a T »TCTCfcCliTCIUl ^ 1 _ i hTM 



OATCTCAOCACttCTAMOTACTAAACCATSAACCCATACT^ACSTCeATTIICTA 

T I S L 3Cf 



iy >LSODSIIHr:.LCTCDAAIi»VLt.OYVII*B 



»0l "*"S^**g*gS»TTTA»T»TC7TMCr?T» ^U. i ii>LLlU UICCCaUU»TCIU 0e i »iCCttlJ UUUMirrr»CTItC»AO^ iOOO 



J-JO VtKftGrNXLALAVSPOAOCOetCltg 



LLOCLEOC 183 



CCCTTTTCTAOCCWTACXCMATMKa»*TTT<UIO»CCinTJ«WM^^ 
>01AK»CCtCfl«tllSAI»ll|ll.C*BArTEKVCYTCD»H iU 



ii' 0 R ■ r t ■ t r 



S4t 
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(SEQ ID NO: SO ) > j„ 

ccact^w^TOTtPTTn nrtiZuSllSmSSZrm 



(SEQ ID NO: 49 ) j 



21 fcrRM|BrV»|te8»tfee900R00>¥vr«¥DteLB 



»« •LMDrRTWaRrKA DSOBIlOMTXOIIBeaOABDI.a 



■-)Vttv»nnrr«s 



75S¥LT0tSBII6OBrtVAIIO6 



« * > >*CA>^^M»i.. a C ftCC C MATCKTCCrAACCBTACaC A I CCH 1 UUJTTCTCiUUUlTTCACiUiTAATOCJiCTCCATTCOCATTrTAACCA 
!»• ««-«!-*OVC tVCrriVO«»TU|.SVlTt*«PB|q lu 



CCCATCCTCAAATtWTeATAACA?SCT7T<UATCeATACCaU Mi06 I IMJL g »A ^^ 
!»^Alf«rTTIV9|:tB»IV«T0SCI»rAVAOL»CtltCA 



90 : 




too 

220 



2» 



2*4 »ttDrLA:»«ttCtTl.lRLllt«rQllVT»BNDII 30C 

qcACTcrcAcrcj. . ; .ACAAcrrcrrAAAUL. : ; 1 1 igMeaBMcnnmiictuiTtiJLMrTTiTTe^^ 

r f » 0 » 1. V 1 B r t « B t A « • , D E r . « L P A I r 0 I t Q t T no 



"««»-*TLiPATABtl» 0BTfBri|.¥OtBI>IIBtBV 



1100 
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ijoi iiAeiMUJtm rmfr »> rM i M M fc fc *LL- . . . uu u i siiui:ui»U M Ciie»T C ce»tttoocT M,iIiLiuui ui uu^^ i«oe 

IS* trorOIBrKAfC:SBOO&ATltVLSOIRtllKl.rN IM 
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(SEQ ID RO: 53) i rGciuTcccrTTiu«juuMibumc»AAATT___ 
(SEQ ID HO: 5A) Accmocc wnL.i>Auifj u u.Kiijmu 
(SEQ ID NO: 52) i 



101 OCCTOUCMUkCACTJU 



TJUCIOQJUtCCfcCTTWJCTTTm fcCOUHOCTJl 



iun,iiM i.n»nirr>wim oBM:TC 300 

■ riff M¥aC&AfcIU,i . »LL1 0IC 



a *tK"«ttBriDkOKVKrevtDo«vtvLtTo 



6 L 14 



€9 eTira*DtiS B|DrO0LXVrOlttDB»*atl»OD«» 



i TcccefcT T ccaciutfC T CAJ Mjj ibci i*i i lA CCftapg ucA iLiuux >OT»CBatcTc>Biu> ciiiui i ij ig see 

10} ««t«tTrt«ICt»EAtt4kri.A«A.»A©»»ft»V» U« 



l»illfMRICP0KL6t r rTDTDfiiLKBTrOLrxOY 



r A It ice 



• 01 fcCTTCgTASeCCCg^aCATAAOmCTT flUJ U X wC 1 U UCTCHeOWTATCCtC 

TCMCsATeecGBcroTcnTivrrcucoeTOBBBum 



»TgT >CCTCOClUUU OOTOTOUOCnUlfcTAT 
BMAKTACAVCCACQOTTt 1 LCACMnTCCATCXatTA 



l«f -VrrTOMKLAALIISAVHSCCTr lYV 



»KOVCVDZ 301 



•CSIgMCrrT0MTAAAflCCM»CTTATTCgrrrTAt3fcTa3MSiawCC^^ 
303 yLOTTPaiMNl 



«»CCTArTTl»lltL«AA|VCirAtOCA»ll»yTTXOII 



ace 



TCACOCACTATTCaCATATTOAACCATTBTTTCKauXATTTO^^ 
aM •'»»"»»»>.VT«t»«AoilOAT»tl»IOO»tCAKTT 



lOOD 
301 



1001 TATCAAAT AILLAUIUi I lALLUtA TL, 
ATARTTATAOamOACAAATCSAACTACC 



CTOCTACCATtiCiLiLiAIU>LLUlUCIAATan>ffianrAAf^ 

" T AlU^| > UTa iCA C A T AO rrfTI >»» fTT«T T ALUlLLUii lUlu^i ii n. nu t yft f^ 



103 MKVreVYLDSKCAeCTMLSXArA 



AOOAQDTCA 



IISO 
S>4 



laoo 



l»KMta«A»RTt*t IVtlSiAKOoOKV 



Iti lt« *UA0ATTCrr T » n » r >>» rCO TCTAACTTACACy A T C g» A ATAOI ACClA Ct UU AAA 

»•» »»»«»»v«iiiccottiiio»t leo 
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(SBQ ID BO: 56) i »«To»»TTT>T »ccMgT fcTecrATcwA M n M C tt<M^ iJuia,,jL ioo 

(SBQ IX> HO: 57) ^^^BMexmj^rAcnxmxacGhTMGAA iuti ill: i iJ UTUu T >rj> T rtt>cautfaTTiicrTau u.i i iumjli i iuauui iu uuSEBmS 

(SEQ ID HOS 55)* *0»T«OV«»LKtO«lVfLT»T»lVOT«T*tUIL IS 



300 



l«OAIVGtAtSLlLrVS««fcLTrK0riBDXlllltS «T 



301 C»OPTTT»CBfcTTTm n »W CT C M CCTOlCTI« MUm liMULI UWTl lllLIJmA I A lUlAI I HJUHii.gmiLlLl I lAl l ■ tA ^ag^i w^tM*.**^ .an 



101 ocioAi luici luciLULi iiAi iMJiLi I iLiAeencTGeMTTTmeeeTmeeBiGMaoBau 



101 VtCtLTLLVrkASAVlTLyiOAOBttavg 



ffTITMiniUCTUI IMIBC 



n T t n 111 
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(SB) ID HO: 60) **MamTC^ITOfcT» T >A» T >» ^wy 7>c»cc a cmTJUtftp^g^l>ccTT^ 

(SCQ ID BO: 58) - m r t e « 

5 vTcr»rTTiLrrrfLii»«trii«t»tcititxsiK j» 

ly ra UCMlC ILI l *MI * CeB0BJCT tT0a>COBC0» CI HAU H IAI IU CTTTnCtlUOTCCWTttC«MOgTT 200 
'''*g*WC«BCC3BCTJUUICC IGeuX reMUfc T JUyUUfc « U> CyM AIMMl ^^ 




'J ''•fcctstvorLAtrTOissAavAtrrzerrrt io4 



*** H^iSSIiEf i n i^^ • : * '* CT»tqg«iJ III H l AA AAAAT W H riTn i BCl laCT A T iiCIUI i iAHU U lA 109 

AATM»TCCTAT6A T ift MT »B A > iT> Ca A A T CAA1CAyAATCCT r>A MI<l fl AACPU> AU lAAMti 4 lUU OOeAMCA T igUMaiCAAAtcUjUU^ 

los »«*TTrrtitLTifirfiirKK«iiii«LwrLrTrL ijt 

? j jMf *j»MCC.» jAI ItlUIATTTAtOCneeACAATOOgATAATTOa A l IAI lUOJ UTTTrTOI OTiK f JmAIIA AATTCfaut^^ coo 
AAACATCrTAOBAATAAOACCrAAATliaCMeCTf^ 

utrvcsLrwtroLOMcixcLLPXPOTifVHsiipyALX m 

»91 iHAtHi.lUVTTACATTA C>AiLIA.Lt TJU L..LtAliLA rTeT mi. - -I ii.in fc'y^^>>»-^ ^>^>«^«^y T,,~AfVJVm laa 
AAATAACCOAATCTAATCATAaATACTATTAAOCTAACIMCATAAAACACAACTAi^^ 

113 VWI-TLLSXtXrLTVPSVMailllBOV* 
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(SB) ID BO: 62) : M OTU ft r ^^awA Trrofc u.. 1 1 «Luiu iT>TWjiaucTCTC»t3fc«u>fla>CCTJuuT^^ ■auna^ aMt awi i --i ... 

(SEQ ID BO: 63) « t^^i m» .l. . « ^VM m^ h h h nnwm ATTKXTTaiBtemTxvnet^ 

(SEQ ID BO: 61)^ NsivsoitTartou 




* 9 - vnil LfcCCCCC WI *ii ii iiA T*>TtaiMi^w i.* i ii«ji i i i F><>T^ii^>»^ **t*^^^ WIW IMJLIlUIJllULJatlJU 1 1" 

ii« rs»Avvoir6r0rALrKSBii«eLLAti.A*ONOOs 



AAAA4TAAAA u.imAi I icriJ MMXT»TT rMr *i»>iii rT icTaenqogiytg^^ 



314 



TACA Ai tAi I ibUL> I I A A*CCTOeAA>l> l» a C ATeTOAAeCTTOieTATTQTCIU W.Li i Ai ll.lA ilTAT< , 

Alw* >iiC r AAi rcn AAA T TTCCAC Ci I i «U.lCIA CACTTCCAACTCATAACACTTq O AA T AACATTATACQAA fcm.i AUA TAcdu> U.Lii 1 1 lA CA 



KSrcrKOAKCOVRVOTCOrTINILOBeilV 



K ■ V a4C 



>.w« .iiCCrAAAAeCTTAATCCAATACTAATQBCfcAnATTTIlTArgakgTA L it 1.1 ii^l KAA.-ttxanrn^r^^^t--f ^»^^f^y^^f^ , f^ p^^j^ 



i*f COStLSLCT 



TASKTCOKOHLrNtV 



« L u o o r ITt 



gT^gr?^^^*- * ' l ACAAA IUl LLUtUAAAATCCTOaATTACCTTATA LUH I ILA ACTCA ULA lUAl I lAI I lAUtUiH TTeTMMMfcMa're lOOO 
CGAOTBACATTa^CAAATCTTTACAOBCACTTTTACCJUrTAATCCAATATtOTAAAC^^ 

KLrTHVAKMACLATTS ■SCLDLrSOrLBNTA SIS 



3K0 A N K 



loo: 

1101 
»4T 



CACSATACTTACCTCrrTTACnTTCCTCOOttCATTTTACTACTTArniCTTGAaSAACTAM 




GACOUI6CAAAT ^ ^ ^^ inn ilh 

KtniKWfLLLKODMOStLXKKATOMALrOBtS 



1100 
>«• 

UOO 



CCACACrrT AAAACr r eeAT T CCAAACC TTeAACAAATT C A C IMU MlAllX i iUIA aAOTACCTAATAATCTe 
CSICiUAAATTTTCAACCTAA tU. 1 ItU AA LI lUI I lAACII!.! t lUA OM^TAAACAy 

SMAOrxsitlARLCOXD KOAIC 



iseo 

4U 
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(S£0 ID NO: 65) ^ t. . . i i iL^ ^m oM^ i fcr*r>»»n»«i ■ 1 1 u i ■ ■ .^ ^jy^^p— 

(SEQ 10 HO: 66) ^^^^^^^'^'^'^''^^^o'rnaceA ^ — ^r^^g ^- — 



nil M ill iinT TTu rMuiniTniT^r r ni l I um i m nim m i m m iimi mi LiniHLiL iir**TT?**' i iiii u uuL 
(SEQ ID MO: 64) t "irTOt»»VTA»iDtv»tta«LT»«Tt 



200 
30 




'■ "" 1 "rTTT-r Tn TTinTrmnrrTTTTnnrTrTTTrT^ > n>a > flMr>T»^ 

SST itoilONSIVOiNLSiKVOBBtPSirVKOLTTOKB ICO 
l»l AOtMQOtKMTAASVLKkSTLTYTOSKtVIGLVO 

grggs^ssEts*sas5STn=^^ .o. 

»»• L S T T V . T r . * V » » r » c t , « r r G S O • L » « K , o • « »i 

eTT»TA*oMATTWCiMftTT**TccTTT»»cTTrreri»au:TATTJM»T^^ 

33YBVSLKOLITKVBK CtDliVA R|ILt.OTTISNOSft*T SCO 

to: '■•■"•*i»tcoDiio»itt«LiifKii*oEriiiAiY an 

•TTOCTTTTMrrAAAaaSftJCTCWaUA™ 
>W '^6>6rvtBt;.TK7CPDS00l*B0VSVKVABKI6 Uf 

**** gi!'5gS?^??TT^ t?y ^^* ^*^'^' lUIUXA TCCfcC HnClCCAil 1*1 in IlUfcl Hni c»An ^ wg-ff m l i»Hi * T «>1 M PII ill I ft uoo 
C»0CCCT»CTTM*TTCCT*CTfcttK Cr AClUIOWT>C0TC^^ 

«r»r»>»«0VYTADBPPXLStrTI«tDTDTtSK 300 

3«: : A 0 S V T t V L K • 
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(SEQ 10 NO: 68) j TT OMJUMt ki t Ai«A TM C M CC ACfc TitAJUTCTJu ciuutf gcc i3uiT^ n iumi iai u.Aj ii itJn iu ' l: : 

(SEQ ID BO: 69) hMcnmKriuMaia3 aiK,i >lhuia t>.ttt»o u mi i iUJU3 iTtatTiMMajuiT TTTin aftii>fti>> rr»Tw cj w'»T> > r^ 1 1 ilulli 



(SEQ ID NO: 67) ^ 



901 AClCWClkCfcM *llUC i eCIIJ UIfiliTJUCTJUUUTT»C11UMe^^ m i Mi l II M I m i I C Ii nMW M tti mT 100 

TC>C UU.IUm I »nS >l I IMU ICI»I lU 1 1 lA fcTCMTOM MlUlUJIUHUlAmiUllJUJUl 11 i im l U K lULI I IJWUICCmn tLMA 

lOTDSK I AAOBVKItltLTAOOOBAOKOVOOtOBOVt U 

101 Cfc aCIJfcllCM UgTttt MJWICIJ aCTTcduWCTCMUM^ «D0 

CTCQMauicTTCB»crcBtoicamoJuicQTTce>ciTna^^ imiwi u o u lui a lUA OcwcotCTcnuiiBTenauyaMrTTTT 

S« AtOASOSVLOAIMDMLOABtBKbtOCtTBtSBK 00 

«01 ^f ^^ l^jl ^^ g g'^^g^^^^^ j^ ^ MO 

»t IVtOIIOCLCBOAIs'*OTIta*VTSyXliTIV0IBS 129 

SOI K mcoom a ciAi iiu^iti iULiuj uaatfiauu fciCBiA i uu c'aM n toouUit^^ soo 

1S5:t:a: SSVMAii»Klvs*|l«RNLCOOKJiOSR*ltB 1§9 

»1 lUUUUtOUi q iilCaUUiTJU fc i ofc T C C TA TCWTJCTniUlTTO^ ICttClftA TOTI * 

i . . . .;.>*UHLU. . lAI IJ fcC»CS»T*C7T*TWaCTTJU«0ATT* U« lU. i H IM CCCfcCTACTJU 

1«« KOVAVUDAlMTVtAROOKLABDAOALTTKOABL 100 

TTTI C BIICBIICrTAMTOfcCXfcOBfcC C fcillSilS" tLCCTCKTCSA CSrCCLLl i^l tlJUlltXU lTJMiTCI CttIICl T IXliaiIU*A CTC0 B TCTO0B J IfiC 

19'»K**B:.SLA*KKftTS« Jli 
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(SEQ ID BO: 71) i aion MuuLuuiiunujuinuia i i cnoM 
(SEQ ID HO: 72) TicMT TO > rr»m i mmM ii mw i i wMc»Tcegng^^ 



(SEQID »: 70) , « ^ , ^ ^ ^ , , ^ ^ , ^ , ^ , ^ ^ ^ ^ ^ ^ 



II mil mil iTiin iiiurraTMnnuui 



■KIM 



■ TLOVKJkOSVVtA 



OSt.KOT|.A 



' i T T-rrmr ui ; „' ; 

mit^MMnf^^^ ^ f^^j^ ^^^ l^ f^^Hjll^ 



US K r V f L 



• •IILtOITTVIT»rFV«OT»tlI»»Ttfc if? 



ici T t r 



